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TuMim m mAn ecnponcntt of luicrotubules «hlct) act 
in all •iA«syoUe mesott^ulM 
ici¥GlV8^ if} a miiiiitr of inpoztant fimetion* ^i&i ineluda 
e«&l eap fosieation In e«llst etl l mdtiiity» et^l 
divisiofif intracelitiXac transpost* aecxetiortt aevflopeiint am! 
siaiiitf^^e of /Ithougliy in ^ofi«ralt tiilKilins 
obtained fwm difftremfc Bm sis^iar in th^ir ffioleeuiar 
and fistetianal piop^sctiest notoM® ^ffafiifieas in ehes^oal 
pmtm^m of tislmUng 
tbyst tfi v i ^  of the possit^o apaoids 
amoR9 vaiiotia tubulins is* bavt isolnted and 
^asraetaxisad tubulins t tm 8ts©9p* ^oat bM tHiffaio» 
Tis&ulin mm iaolatad f m tur^ tissuts ^ j^aap goat 
buffalo tsf tsio fs^oda* Sn tl)a fiest ®athcK!» tlia tisaua tionogan^tt 
mm si^Jactod t o mmstAm sulftiatt fractionation foilowoS tsff 
dimatofrvai^liy on uapliadax Q-^ Zao tt^mn in 10 sli potaatiuB 
lihoaiJhate touffav pH 7»0t lha pvotain was putifiad iy|f ion 
•xchanga ehioBatoQraf^y on a {licitia^oealXuloaa ooluan* Houiavtr* 
^ a t i iMin prapamtioR thua ebtainad eontainad iaptizity at 
dalaetad liy aodium dodaeyl auipliata polyaexylaBdda 9al ^aetfo*» 
plioMtis in a«i M aodiuM phoaphata buffer pH 7*2* In tha saeond 
«alliod» tha tiaaua hoaoganata waa aalt f raotionatad and than 
auWa«tad to ion anehanga ch»0Wit09fap''y «« « ofcAfi-saffiada* 
( i i i ) 
coltnn mfAlibxi^^ nAth ID m •odius fitosiliiil* buffer |iR 7«0« 
Th« pzot«ifi tliit^d idLtti dl«60fitlfiu0ii« salt 9f«dl«nt of 
petMcitKi in 10 an •o<llt» phosp^it* intfftr pH Tli« 
ituCM i^ll) O.i li piyl«tsli«i dtioiid* itfon^y 
bound oolehleino* coieltieino Ending oetivity of tulniUn 
inertasod with iimroMO in puiifie«tiQn» 1!i« tubulin pf«pdra(tim 
thus ot3ftidn«i ffiovtd me bmd in soditisi sulrliato 
polyeexylmiat gti el«et»oi^omis i^ieh wmt eargimf out in 0*i n 
sodiuts buffor 7.2» Txio-^ivoino buffer 
(9«025 M TfiSt 0U94 M ^lycino* pH 8.3) having ionio stron^th 
was tistd in sodiym aodteyi 8iil{:t)ite polyaeiylanide oal oleotro* 
|lios@sis« tubuiin psepasation eovod us a doublot. flieso 
pXQpexti@$ itffo c^sraotozistio f eatum of ti^utlin prepsration* 
the Qobiiity of tubulin in sosSium d o d ^ l sul^ato poly^ 
aozyiaiaida gel elaotsophoreiis was ecmsist^it ms^e&Jiet 
m i ^ t of 57 kPa* 
Col«ltiein« binding psopasty of goat and buffalo 
brain tubulin was studiad in 10 Hi aodiu» filiospliata buffar isH 7«0« 
by promotion of f luotaaoanea Mthod* Tha eoli^ieina alona absoibad 
aaxiatuH light at wavaian f^lh of 39D nn* In fluoftaeaoaa Maaura** 
«anta tha aaoitation and aodssien aaiiiHa for eole^^ieina was fmmd 
to ba 380 rw and 400 tm raapaativaly* Ilia vidssion of edl^iaina 
at 400 nn waa savacal fold anhanaad by tha addition of tt^bulin. 
The ralativa fluoxaseanea of eolahieina (65 nM) in 10 an soditai 
phoaphata buffar pH 7*0 was found to ba 14 at 400 na titiah 
f iv ) 
ificmsMS m iBudi •• ^ fiv#»foid lay tho a^ltion of D.U9 fiis of 
tttbuUfi* ^^topi QO»t and MttXo tutmliiis pseduetd tiaiiltr 
i m m w in flttomeineo of eoieliioifko ttifgtttif^ th«t ttio t h m 
livtpm^ioiis iMklmm eoiloHoieo i^d io f pmpm^* 
Hydrogan ion titvition of tSttmp brain tabuUn was 
out in tlio fH wang^  for tlio f isst t i »o in gtudf tndor 
nativo o<mdition i»«« st and ionio stran^th of tho 
t i trat im mm fowid to bo ^tb in tMa fB xan^o* Bottovor, 
m» oonsidartblo aoattar in tho data abovo 7»3* f^ 
^ Hso total nmbmt of oasbojiyi ^roupa was 75m maiyaia of 
titestion data ypto pll 5*5 il>o»ed tha pratanoo of t m typaa of 
oailkoxyi Qrmtpa in bitidn ti^»yiin» ^os i t t r oerboxyi 
gxot^ (stioiit 46) t i t :^ad tita a m piC valt^ a of 3«7 «#iaraaa 
tho m t of tt)o oai^i^i gsoupi titvatod with oonsidacably asiaiiar 
titration ^anojiyi frotipa in ahaap 
brain tubulin eouid not ba earxiad out undar nativa condition i»a« 
at and ionio atrangth of O.iS baoauaa of aiarkad alliali 
induoad eonfoiiuftionai €^ t«nga in prctain i<iieh oeoutrad abova pH 
7»0« Howavar* tha titration of tho psotain was fow^ to ba fttUy 
ravaraibla in 6 M guanidina hydrodiioxida in tha pit ranga 
Tha (ftffaranea apaetnw «f tubulin at pH againat 
tha pfotain at pH 7*0 ^owad tivo »aiciaa« ona at 290 m and tha 
othar at 293 rai« Tha paak obtarvad at 293 m mm aaaiQnad to tha 
titration of (lianojiyi 9ioiipa in tubulin, lha diffaranaa in aoior 
antination aoaffiaiant of ahaap iHrain at 293 MI «raa mwaiirad to 
Cv) 
b9 88590 JuT^  m"^ vihitSh i t •«|uiv«iMit to i8 tymi f i t midUM pmt 
57000 piottlfi* Malytit of ratuits on tho titimtioii of 
phcnoxyl Qxotfpt in sh«tp br«in tut>ulin tbonod out of i8 
m i d m t X2 t&tfit«(? vdLth «ppiiftfit ^ of 10*4 «ncl th« rmnining 
ono»t}ii»l titr«t«d nith as^avtut piC of U«0. The intiinsie pfC 
e«i b€ cslctil«teet oniy of tor dttoxniiiing tfio amount of guaiiiittno 
hydfothlofidt Doimd to ilt««p iir^ i^i ti^uiin, 
Xn oz^r to ocx&psro tho stsuotuxstil f ioxibiiities of slittp* 
90fit buffalo lirain tubulins* th@ir dlQestioiis fafjr pfot<^n«to« 
ouoh as tsyp^n« ^yootxypslfi iNnd papain weco studies in O.i @ 
sodiuB iKiffor pfl Iho ti®e eourso of tiyptie 
dlgostic^ folioieod bf iiiftiirdsifi motioti* 1t)o rsto 
oonst^s for tzyptie tUgostioiis for the throo tuMin prsparstioRs 
woro fouf^ to tw in tho range 5,4 • 0.8 it iST^ ^tT^ • (fflg/arir^. 
Ibo value of ^ o rato oonstants for ehyisotfyplie digost im of 
tlio thrto tuiHilins «r«r» in tlio rang® T •• is lain'^ 
(iBt^iBl}* ,^ tht oorrosponding value of the rato eonatants for 
papain digestions of ^eap> goat and buffalo brain tubulins iters 
in the range 10 * 43x10^ sdn*^ • <B9Mr^« these results seaai 
to suggest that the stiuotursl flexibiiity of the three •amalian 
brain tubulin is the sasie* 
( v i ) 
S w imtign md Umm thmH mn^ gypilfvSsot 
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Hydtogffi icci titration eiirv* of 
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piel of i09 oc /(iw (x: ) vmu* |iH. 
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tttbuUn in 6 M mml<An% hydre^ioddo 
At {?» v«iii«t (•} md d.2 
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at pH U«o, 
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tubulin in 6 » gtianidlna ^droeliiofida 
at $lf 
Mkalina diffaranea apaotmn of ^oap 
brato tubulin. 
Figura 3$* Spaatiopliotoaiatxio titration eurva of 
ihaap brain tubulin in 6 M guanidino 
by drochiori da* 
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BmJ^mB m Sodlitt Mmsfl poiyceK)rl«sld# giil 
•Itetvopiiomit 
7xl» m Tzit (hyMxytttf^vl) mAm 
i^n) 
i m i m m mo omACTEfazAna^ OF 
SlilAZ^  T u m m 
i . mXHQoucTxai 
The eytc^iaae of aJUsost All e«U typ«« eontdifitd st itatt 
^zvt typft 9f niBitiy« aiiir0U}bi4j» 
ffiierofUm&ent and InttsstcJiate flXment (Maeclonl ft« 1985). 
1!ie term miercstutMile f irst suggested by SlAUtterback (1963) In 
early sixty's cm^ into general us« after i ts dsmcmstration in 
eytc^iasm (iisDstini 0t. 8i.» 1963). :4icrotu£>ults recognized 
in the periphery of plant cells (Ledbetttr and ?orttr» 1964K in 
spem cells <Mdre and Thiery* 1963) in salaffiander lilood cells 
(f^cKiethm and Bos^aum* 1984) and in fibroblast sdtotic spindles 
(iamiootft 1966)* t&mt microtytmles in vivo contained 13 proto* 
filffiients (filney al«« 1973) • BOiirevcr* ©oiae @ice©pticm® in 
^hi^ ntisib@r of protofilat!i0)t@ in cidcrott^ules is d i f f e r ^ have 
been reported (Swrtcai €t al*, 197Sj ^sgeno and ausuki* 1975) • The 
outer dimeters of oicrotubulesf intei^ediat© fileisents and micro* 
filamafits heve been found to be 24 nm, XD rm and 7»9 m^ respec-
tively* AS the name suggests» the microtubules are like holloii 
cylindeis whose walls are issde up of protofilaments whi^ in tuzn 
are essentially aiade up of tubulin dimers (/^ost 1979)* The 
structural features of adcrotubule and protofilanents are 
schematically given in Figures 1 and 2. 
Microtubules have been implicated in many important 
cellular processes involving integration of cellular and extra-
cellular forces. These processes include cell»eell atihesion, 
cap formation in cellst cell motility, cel l division intracellular 
3 
I* Si'^ del of mlGSOtubyi© the protcfiicocaitsV^ic^ 
ocmiposfKS of alplid* t>®%ai»8uliunit9• UEiftiled (O ) 
r e p r e s s ©If^s^swbunlt and dotted ( © ) drelos 
repiF&seiit b0to»@ubunits (^ost 1979}* 
Flgur* 2. ad^wiatic diaQraB of cytoplasaie ri.er0tubul« ^omIiiq 
axr«fi9inftnt of thict««n (.rotofllaiMnts (Mos* 1979). 
trmportf •«6r«tion, d«v«lopa«nt «fia stainitnane* of etJll ahapt 
(Mcintosh, 19791 mcoimi a l . , i985)« Soot* of the propestiat 
df iytosktlalaJ. systM era stmiiariiad in Tabia X* 
Microtubuia on dissociation givts a 6$ tubulin moleeula 
«rith 6 traight of 110«O3D. Tvtmlin ia made up of alpha* 
end bota-subtaiits fficA#cui6r weights of (Ludutna, 1979) • 
It ia interesting to note that althou^ {i^erott^»ulas am fibrous 
in structuTttv its building bricl^ tubulin aitists in globular 
os^foncation {mm end Bsglas, 1987) • 
Tubulin is pr@3ant in sliaost all ©ukaryotio cells. Th© 
tissue nhich is very rich in tubulin is brain. Consequently 
tubulin froBs brains of coks (Arai at* 1975)• pigs (Sorisy 
at. al.t 1975) t rats (Oippar, 1972), she^ (Gaahlan and Halay, 
1977), hansstars (rittarald and l£ayfiald, 1976), guinea pigs 
(La^ado «t« a l . , 1975), siice (Hine^^ at. a l . , 1973), rabbits 
(Bansch at. a l . , 19^), hunans (ang at. a l . , 1974), and chickans 
(Banburg at, a l . , 1973t at.al. , 1974) hava bam isolatad. 
As such as 42% of tha solubla protain of brain tissua is tubulin 
(aaiBburg at. a l . , 1973). Tha protain has also baan studiad in 
non«>naural tissuas, including adranal cortax (strott and Ray, 
1977), pituitary (Shatarlina and sehofiald, 1974), thyroid 
(Happaport at. al . , 1975), islats of Langaxhans (Montagua at. a l . , 
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1979, i977) «rythrocytt8 (Ztfui^z and Pfeuff«r» 1976)» Uv«r 
(Ptttitlt tft, i975)i adrtfitl mtduila (R«<it>ufn a l . , i972), 
heart mutcla (Dai«o ct , 4974) m^ fi^c^iiivtt (Ha^ ayaiiiA and 
Bil«t« 1970U It haa also a^an studlad in s«a ufchina (Fulton 
at, a l . , 19711 Kobayashi and 1977} Kuzlyaffia» 1976} Llmkt 
1976} utaphanSf 197Q)* Tubulin hm baen prepared tvm protista 
sudi as ^ e m alqa Chl^ ffivdOBionaa and th© oiliate Yi^ raliviBffi^  
(£ve«hart, 1971} Fulton and Kosnit, 1973i Kowit end Fulton, 1974} 
Olsjsted al.» 1971} c;eaka and Collie, 19761 ^Utitan «t« dl,» 
1972> as well as ism fungi (Davidse and Flach, 1977| Haber et» el« , 
1972| Heath, 1975} ©ater m6 fUeinsinith, 1977) and plants (Hart 
and Sabnis, i973} luduens, 191 }^ Uubin and Cousins, 1976). 
Tubulin id acidic in nature and therefore i t has beien 
purified by ion exchm g^e ehraEat09raphy using baaie ion exchanger 
such as DEAb»cellulo8e« tMs^berg et, al* (1968) have obtained 
tubulin from pig brain tissue by amanium sulphate fractionation 
follo«Med by punfication on ion exchange chroeiatography an a 
DI;A£»cellulose (VKeisenberg et. al«, 1963) or DEAE-Sephadex A ^ 
coiunn (i^eissnberg and Timasheff, 1970) equilibrated with sodiua 
phosphate buffer pH 6*4 containing eagnesiUB} chloride, OTP, and 
« 0.6 M sodiuB diloride, one of the usual iaipurities 
associated with these tubulin preparations is fHA* 8y using 
sodiuBi pyrophosphate buffer instead of sodiua phosphate buffer. 
£ippts (1972) obtaifitd tubulin pxepBtstim which was •tttntialiy 
f r « » free mucMc acid* 
The other method niliidi has been widely used for isolation 
and purification of tubulin is based on its diaraeteristic property 
of undergoing specific assetibiy s^M s^assessbiy process which is knoim 
to dep^d strongly on teisperaturet low teeiperature favours 
depolyiDerination* the polyeer!.satim»depolymtrisation proem 
involves the polysorisotion of tubulin at roos t^persture and 
3ubse«;uent depolys^eriiation at thus a few cyc l^ of p(^y. 
c3eisla£iti<^d@poly©e3?iaQti«»i will give tubulin of reasonable pusity. 
Further purification cm b® achieved by removal of cicrotubule 
associated protoins {UP^b) by icti exi^an^e chroiBatograitiy 
(bhelanslil et» al»» 1973| Boriey et, al,» 1975) • 
Tubulin has been partially purified by affinity chromato-
graphy using ligand-sepharose 43 codiasni the specific li^and being 
a derivative of colchicine such as d^aoetyl<» or isodesacetyle 
colchicine (Morgan and deeds* 1975t Sandoval and Cuatrecasas* 1976; 
^chsiitt ^ d Littauer* 1974), Tubulin was obtained on several 
occaaion by precipitation with i m vinblastine (denseh et* al.» 
19691 Marants at. a l . . 1969| Ventilla et, a l . , 1975). However, 
the nethod is not very specific since vinblastine is known to 
precipitate out proteins other than tubulin (Wilson «t , al,« 
197D)* Density gradient centrifugation has also been used in the 
isolaUon of tubulin (btsfihens* 1970| vdtBan et. al*, 1972), 
3 
th« t»;o tuliufiit* of tuiniliri and b«t«* do not 
aiffftr significantly in eiQl«etiiar wt i^t , Hot»wett thay do 
differ in eX«etrophor«tic mobility undar rtdueilif o M i t t m Wfd 
th# diff«z«neo i t fiothfir iiagnifiad on easboxymcthylation of 
protain (Luduena snd Woodwards i975)« ttian tho ionio strength of 
ttia buffer tisad in aiaetroilioratio exparimwfit i« lcw» dl|tia«. and 
b«ta» sulHinita fnova aa two ciosaliy spacad banda (Bryan, i974K 
Vao subuenits have aiao ba^ aaparated by hydroxyXapstita 
dirtaisstograi^y (Lu ^d £izin9a» 1977) • It should hoarevtr b© 
pointed out that oneo th@ two &ubtmits r. aaparated th@ir 
r@@ssoeiaticn to omstituta nativ© functional disar cannot be 
oaaily aohiavad ( '^stanabe a l , , 1977} • lha interaction betssaen 
alpha* and bete* subunits ia stabilized by a frea ^lergy change 
of -.8,3 fCcell':gIo. 
Iff 
Tubulin ift found in atsociation with non*tubulin proteint 
whid) are basic in nature (Boxiay et, al*f 1974« 1975| Cleveland 
et a l . , 1977; ^ p h y ^ d Sorisy, 197S| Olnsted, 1986t Sloboda 
et» al«» 1976)• These microtubule associated proteins are basicalli 
of two types, proteins with h i ^ isolecular weights (290*350«000) 
are known as MAPs or Hmm whereas those with lower molecular wei#it 
(in the range of 60^000) have been designated as tau factor* The 
total amount of non*tubulin proteins as well as the relative 
cmcentrations of MAPS and tau factor differ fron one preparation 
of tul>uJlin to th« othfiT depending on th« mithod of isolation of 
tu^iin (TiffiAshtff and OiishaBi, I9d0), aaerotubult associated 
protsins are obsazvec^  as fine projeotions from outside of the 
(see Figure 3}« Merotubuies rtasseiBbled in the abs^ mce of 
associated proteins have smooth walls without any projections 
(Ost ler et.ei.f 197S| uiorphy end Sorisy, 1975). Part of each 
tiW molecule runs longitt^oally @l(?ng»side a prctcfilament 
(iteost 1979) (se© Figure 3). 
4. M 
th® ffioleculsj? w^ght of liroin tubulin has been detesclned 
under various @xpeiii&ontdl conditions using a nuinber of tectmiques 
such as sodium dodecyl sul!:ii@t® polyacfylamide gel electroi^oresis* 
l i#)t 8Cdtte£in9f visccuetsy* sedim^taticn velocity and sedioifrw 
tirtion equilibsiuo). Its moleeular wel^t has also be^ calculated 
ism the known atdjio add sequence* Available results an moleeular 
wei^t of brain tubulin are listed in Table IZ. It can be seen 
in Table IX that the molecular weiglht of native tubulin (in 10 iiM 
sodiun phosphate buffer pH 7.0 containing 0.1 nM OTP i . e . PQ buffer) 
as detcjmined by sedimentation velocity method is 110»000« A 
similar value was calculated from atnino acid sequence (KraUhs 
et. a l , , 1931) • Aioleeular weight of calf brain tubulin «as detezw 
fsined under denaturing conditions by various techniques such as 
sodiun dodecyl sulphate polyaerylsBide gel electrophoresis* 
viscootetry* light acattering ^d sedimentation equillbriun an
JUD 
Ftgur© 3. &Ki®l for th® lattice of brain islefotubiil® ©ssoclated 
pzoteins (shown In thick black line® supeiriinposad on 
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th« everag* volu* ««t found to !»• 54»000, Iht ^olteular wti^t 
of th« protain was dttei»ln«d m 6 M guanl<Sln« hydrochlo?ld« by 
s«diei«Rtatic« aQuillbriun to 57»CXX)» Sine« tubulin binds 
daoxyeholata without undergoing dissoeiationt its i&Qleeular walght 
was found by s^dlmeat&tlon equilibxim to be hi^er , 
aioXeeuiar «;ei9l)t6 of rat (Eipper, i974K pig CBlt 
(ueiBmbezq 4963), goat (^ ihaxi&a, 4986), chicken (tuduena 
and &'oodBs@;rdi ma shetp (in this study) iomd to be 
the same. 
the hydcodVnaffiic properties of nattv© tubulin with mole* 
eular weight o£ iQD»il0 koa @r® given in Tablm III and SV. the 
values of sediipentdtion ^d diffusion coefficient® detersdned 
icst native tubulin taken tog«lhtr with the values of molecular 
weiglit sho» that the molecule possesses globular confoxntation 
tiith significant asynmsetxy* This is also indicated by frictional 
coefficient ratio whidi is close to I for a spherical geasetry 
(Tanford* 1961)• The extensive disruption of native protein 
structure occurs on denaturation by guanidine hydrochloride as 
evidsfit fron the value of intrinsic viscosity neasured in 6 M 
guanidine hydrochlozlde (see Table IV)« The fact that intrinsic 
viscosity increases by 22% on reduction of disulfide bor^ l 
smgests that siseable nunber of amine acid resi(fties occur in 
disulfide loop* In the pressnce of detergent such as deoxycholate 
13 
• IXX 
Fydrod^Miiie prop^tUm of e«if brain tulxflin widtr 
nativ* condiUoB^^^ 
FgppQtity Voiy 
(ifi 0.01. IS o^diUB j^m^Mte and 
O.A ffil OfP, gt! 7.0) in 4;vtdber3 witiLt. 
t^ffuslofi co€ffici®nt _ (cmi steiiiO') 
(in 0#0i ©odit® fijosi^et® and 0»1 dS 6TP, 
Dlffusicm coefficient (<223 psr secitio') 5#2 ^ 0 . 2 
cclculatcd value. 
Parti®i specific volirat (ml/9} 0.736^ 
f / f ^ (in O.Oi M sodiitt and X.35 
0,1 m GTPt pH 7.0)# 
f / f g ^ (by s««tt«xin9» jmditit i . 3 
of gyriUon « a . i an) 
(«} mdrMi Mid Munot (1986)* 
(D) N« and TiiMAtff (i982). 
14 
t 9 b f • IV 
Hydrodynaalc pxtip«xti«t of calf bftin tulHaifi tmdtr 
d«Rdtuzin9 oQRditlon^*^ 
Propestjr V i^iM 
iiedSffisatatiori coefficientt ^^ pr®3ene® 
of in unit* 
J 0.3 
of octfi glucosidd in a v s ^ f g ui^t* 
3« 12 
r^iimioi coefficient D^ q ^ (ass por oeoisiO') 
in i.,re3eic© of (^ ©oKyoholei®. 
3»Q i; o^a 
7 
Diffusion coeffieient (cjjs par o@eitiO ) 
qalculeted vaiu® for detezticfKt bound tubulin* 
Diffusion coeffici®nrt eaicoiatcd valut 
for 
6.4 1 0.2 
Untilnsie viscosity in 6 ^ guanidin* 
hydmdilosid« iml/q) 
a) Unr«due«d 
b) Htduetd 44^ 
f / f j ^ t in pr«s«nc« of dtoxy^olst* i.86 
C«) Amirmi and Muitoi (i.986), 
W Ltft (1973). 
I S 
tubulin ae. ulrta dliBost a nofV9l<^uXar confozmatian and cons*-
QU«ntly the frlctlonai ratlo» f / f ^ ^ was measurtd to be 1.36. 
I t 8««i&s that th« Mn(jlng of dtterg«it to tubulin rasuits in 
ioos«nin9 of the n protein structure, one inter^ting 
enervation made by Andreu and (1936) i t that after deters 
0«nt binding, wst^ soluble tubulin is converted to amphipathlG 
tubulin mhieh say interact «»ith the eieoibrane. this teiill offer 
a possible {SGchdniefQ for olcrotubul@»{iieii^rane linkage «shich is 
believed to be involved in & large number of eelluler functions. 
Tubulin absorbs oaxifBally near 278 iisq in PQ buffer (10 raM 
aodiiiD phc^i^ate containing 0*1 ^ GITP, pH 7.0) the ©pecific 
extinct!^ coefficient of the protein was iDeasured to be 
1.33 ©1 m^^ aa"^ (V;eieenber9 et. ©i.» 19601 tee ©t.ol. , 1973). 
un denaturation of the protein by 6 gum i^dine hydrochloride 
4ipectru{& shifted to 275 n&s where the extinction coefficient tsas 
detensined to be 1.03 oil mq^ ^ cb*^ (Na and Timasheff, 1931). In 
these experiments the concentration of protein was deter^ned by 
dry weight me^od (Kupke and Dorrier, 1978). Here i t should be 
pointed out that as tubulin possesses marked tendency of undergoing 
aggregation under native condition, the protein solution will 
display some turbidity. This will require correction of laeasured 
absorbanee for light scattering. Further, PG buffer contains 
0.1 m GTP which will also contribute to l l ^ t absorption in the 
16 
ultra vloilft r«9lon. It It th«r«for«» r«eoe»tna«(l that protain 
eoneantratlof} should ba dattxisinad by utaaturlng optical danaity 
at 275 m in 6 M 9U«nidina hydroehlovida (Laa and Tinaahaff • 1974a) 
(Tablo V}. 
Fluoreac^ea {seaausaiQ^ of tubulin in PQ buffar ahowad 
fsaxiiDuiQ aetiaaiofi at 329 mt yiim et eitation wavelength »aa 273 
Tha inttinsic f luor@se@nc« of tubulin i\as contidarably influancad 
{ipon ita interaction with ^tioiiar^stiibtilar ag^t sueh m colchioina 
(mdrau and Tioaahaff, 19@S|vinoristine et« s i , , 1973 
vinblastine (Lae 0t« sl«« 19?^), podo^yllotoxin (Andrau and 
Timaaheff* 1982) and dsunc^oin (Ka ond Timesheff, 1977)• in 
p r^^ce of sodium dodacyl aulfi^at® {^dr©u Mid 1986) tha 
excitation meidUEun rciaains the asma but eiDiasion (saximunia shifted 
to hi^ar wavelength, Fluoreseenea CDeasur^ent indicated that 
cia^nasius ion induced self^asaociation of tubulin ia not accompaniatJ 
by Qiaior conformational d i ^ e * 
Circular dichroiaai apectra of calf brain tubulin were 
studied ayataatatically by Lee at al. (1978). The characteristic 
featurea of circular dichroiati apectruoi are suanarixed in Table VI. 
in the near ultra»vioLet region, two negative bands at 280 nii, 
286 rmt a wsa*^  positive band at 300 m and a stronger poaitive 
band at 260 nai were obaerved* The «ireak positive band at 300 nn, 
has been assigned to the lone tryptophan chroaiophorei whereas 
the bands at 260» 280 and 286 nai are probably due to tyrosine 
residues. The contribution of disulfide bond and phenylalanine 
if 
T«tkl« V 
0{>ticaX pmpeMm* ci ealf bxsin tu{nii4n» 
Piopefty Vaiy» 
fuctinctloR coelficiefit {ml rog*^ i.33® 
at 273 rsa (In 0«0i ^mj^&te 
m6 0.1 taia GIP, pH 7.0) 
PiuQTOScence sp#ott^ (in O.Oi U sodiuD 
phosi^ate end O.i ini^ l 0 7.0} 
« Exoltatio!) taai{ie}yQ im) 
Q&ission saximun (isq) 329^ 
extinction coefficient (ml m ' h 1.03® 
at 273 nm (in 6 M guanidine hydrodilosids) 
Fluojresc«ne« spdctz® (in preaem^ of 
eodiun dodtcyl sul(tidt«) 
«» i^xcitation maxinin (ne) 278^ 
eniMion maxiauB (nn) 302, 345^ 
(a) Lat «t. a l . , (i973)t 
(b) Na and Tinaahaff (1982){ 
(c) Na and Tisaahaff (1981)i 
(d) ^ x a u and Munoi (1986). 
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U b l 9 VX 
Ch«reetoxlstio f «a tum of circular diehrolsa) spaetxuB of eaif 
bwin tubullfi^*^ 
Conditions Spcotrti ifSvtltngth ( 0 ) * iSf^ 
in o.Oi M sodiuD 
pho8i^at« and O.i nM 




'«2.2 • 0.1 
•1.4 • 0.1 
Tirou^ 22i 1 0 . 1 
ftoiifh 280 m 
Trougli 286 -
Peak 265 m 
Peak 300 «•> 
In den&tuxsntti 
(6 E Qusn&din* hydxo» 
ehXt}Xid«» 0 M ur««t 
O.i toditw dodtcyl 
or 8 M %tx— 
QU % iodiun dod«eyX 
•uXph«t«, pH 5-7.0) Paak 267 
P«ak 27i • 
Shoulder 205 
Txough 295-310 
(« } ( m a ) . 
19 
in th« s«9ion 260-230 n» 1« 0 distinct pottibility. Sn th« far 
tht structural fvaturM Ineludad potitiv» 
band &t 191 m and t«o troughs at 2Q9 and 22i im, Th«»« fin* 
atmcturas ara eharacttriaties of pradosiinant cc«li«Jlieai structures 
in prottins. cofoptitdtion of saemdary structure free 
circular diehrdsffl data of TaMa V2 acccgrding to draeufiaid and 
Fasffian (1969) showed that tubulin contdined 26 ^ oC-helical and 
47 ^ sntiparallei* ja»structurat raspactivaly. These values should 
be taken as order of magnitude estimate. 
1h€ choraeterietic foatuarcs of circular diel)roi®is spectrum 
of tubulin are not eignificantly influ^ced by petal ions such as 
Q39nesiu& ^d ealduia ishidi are tocmn to affect &#if«*a3sociation 
properties of tubulin. It is knotim that n^gnesiuia ions proBote 
specific reversible self^association of tubulin to 42^ dcuble rin^ 
structures* This specific self-assembly process is inhibited by 
calcium chloride. These results surest that the binding of astal 
ions to tubulin does not induce ^ y confozmational change. 
Conf ormation of tubulin is sensitive to changes in pH in 
alkaline pH range. The circular dichroisa change in far ultra* 
violet region is sunsarised in Table VZ the spectrun does not 
change when pH was increased froa 6.1 to 7.0. Howevert on further 
increase in pH fro* 7.0 9.0» the spectrun qualitatively rieained 
the sane but intensity of bands were significantly changed. Ihese 
were interpreted to be due to loosening of secondary structure in 
z> 
tubulin. At pH iO.O fisark«d qualltatlv* ehan^M In circular 
dlchrolsB sptetruBi of tubulin w«re found, speetritl ehangwi 
Mrnm attrlSilted to coif om«tlon«l transition f roB natlv* to 
din«tur«d state. At pH 12«6» th« features of circular dlohrols® 
spectruD of tubulin tirere sliallar to that of denatured one having 
a n@9atlve band at m and a broad ahouldtr at 220 nia (Fasman 
@t* a l , , 197D). 
lb® circular dlchrolsa spectrus} In the near ultra»vli^let 
re9l<my In pres@nee denaturants as 6 M 9uanldlne hydro* 
chloride* 8 M ured» 0.1 ^ sodlus dcdeoyl sulphate and 8 M urea-
0,1 ilsodlu® dodecyl aul^at© Cl^ S,0 •• 7,0) possesses a positive 
band i^lth {saxlme at 267 and 271 a positive shoulder at 285 ntn 
and negative band bet»e^ 29^310 tm, these features disappear 
on reduction and carboxysethylatlcm of the single disulfide bridge 
Increase In pH to pfi 12,9 ei^lblted a broad f.osltlve band with 
{uaxliBum at 253 m whldt extended upto 295 »&• Ihe appearance of 
this feature at high can be due to tyrosine Icnlaatlen 
(Seychok itftd Fasaian, 1964}, 
Tubulins frcxB dlfferant sources have been analysed for 
their amino acid conposltlon. ^ose of the results of these 
analyses are sumaiarlsed In Table VII where the Individual aolno 
add residues have been expressed In mole percent. Exanlnatlon 
of Table Vll reveals that the content of helix destabilising 
2i 
UU9 ni 
Mno acid eonposltlom of vaziout tubulins (sol* ptreint)* 







3.9 4.1 6.3 3.8 8.2 
ims 2,4 2.7 2.3 2.6 2.3 
Acg 4,3 4.5 5.3 4.8 13.2 
Mp 10 .a 10.5 9.9 10.0 13.3 
Tbr 6.3 6.8 6.1 6.7 6.8 
5.9 6.0 5.3 6.2 5.3 
OlU i4 . i 13.0 13.1 13.1 17.5 
pro 9.2 4.1 5.1 3.8 5.2 
Qly 7.8 3.0 8.0 8.6 7.2 
Ala 7.6 7.4 7.8 7.4 6.2 
val 6.3 7.0 6.5 7.6 5.1 
2.4 3.1 2.3 1.7 2.3 
ISO 4.6 4.7 4.9 5.2 3.9 
L«U 7.6 7.8 8.4 7.1 6.9 
Tyr 3.9 3.1 3.0 3.6 3.4 
Trp 0.7 1.2 - - -
Pht 4.8 3.9 4.0 4.5 4.0 
Hall cyt 2.0 2.3 1.7 2.4 1.5 
(«) ^ttphUB (197X}I (B) L— (1973); (E) Bzyan and 
liiitoii <i97Xh (d) Sh«tt«ch«ry« and tfoXff (1974). 
a3 
«8tino dcid resldu* !•«•• prQlin«» of all the f iv« diffcrtnt 
yt^paxatim of tybuilns i s tli« safce. tho contents of 
aeid md ba&ie tmino add residuee of tulmlin ftm bovine thyroid 
eppeaxs to be significantly higher than those found for the rest 
of the four tubulins preparations• invariably, the number of 
acidic amino acid residues exceeds the nuisbor of basic amino acid 
residues in ali of f ive tubulin preparations but the difference 
mB found to be smaller in ease of tubulin from bovine thyroid. 
m © oonsequance of the prepwderance of acidic atoino acid residues 
over the basic residuest the protein behaves as m acidic protein* 
fhe isoelectric points al{:lisw and bata-subunits tubulin dre» 
r^peotively# 5.4 end 9.3 (Berkossita et. al.» 1977)• One important 
finding is ^ a t calf brain tubulin contained one disulfide bond 
idiicih has not been detected in rat brain tubulin (Hipper* 1974}• 
The aisino acid sequ^ice of alpha* and beta^subunits from 
porcine brain (Ponstingl et. a l . , 1981 and Kraitis et* al«* 1981) 
are depicted in Figures 4 and 9. Kistograns shewing distribution 
of the acidic* basic and arcmatic aaino add residues along the 
sequence are depicted in Figures 6 and 7« Ihe C-teziBinal region 
i s highly acidic in both the subunlts of tubulin (Figures 6 and 7). 
It can be sean in Figure 6 that out of the 10 a»ino acid residues 
in the c-tesBinal region (residues 440-450) only 3 residues are 
glycine and the rest are glutasiic acid residues* zn gsneral* the 
Figure 4. AMINO ACID SEQUENCE OF OC-TUBULIN 
FROM PORCINE BRAIN 
Figure 5. AMINO ACID SEQUENCE OF /3-TUBULIN 
FROM PORCINE BRAIN 
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i)«8ie «&dRo acid mldit«s iir* distributtd 8lon9 th« »«QUinet of 
aXph«*chain. K^cvert th« region betwttn rtsldu»s 3D4-339 contains 
9 bftttie «Bino ecid r«ti(fu«», m rogdrds tht dtstvibutioii of 
armatic aieino add raslduas, sageants 255-272t $4^357 and 
404*418 contain significant number of acasatlc asino acid 
residues. 
Hie d iatz ibuit iGn of a c i d i c • baaic and arasatic asiino acid 
residyaa in t h e asiino acid B&q%tmm of bete-aubunit am dapictad 
in Figura 7, wharain i t cen be s e ^ that th« C«tecminai ae^an^ 
4Di»444 contains as oany as 18 a c i d i c amino acid rasiduaa. ^o 
basic amino add e x i s t s in t h i a rations t h a baaic residuaa 
sasida if) t h a raglon l h a a a g d t ^ a d i * i 0 6 » 260^*270 and 
3 6 7 * ^ 4 i n the amino a d d aaQuanca of bata»subunit conta in 4»6 
a r o a a t i c ^ n o a d d rasiduas (tea figure 7)« the Cwteisiinal 
r ^ c n i n alpha* and bata^aubunite asauea s p e c i f i c s i g n i f i ^ a n c a 
in view of ^ a fact that i t offers aite for binding regulatotf 
proteins such as ^APs (Serrano et« al*» 1994a), this region 
also influence tubulin-tubulin pdyiBerixation (werrano at. a l . , 
1984b). 
Xn alpha-subunitt ^ e segnents that are rich in hydroiihobic 
amino add residues are fron 63-68 and 330-333; each segnent 
contained 4 hydrophobic MBino add residues* The beta-subunit 
contains two regions rich in hydrophobic anino add residues • 
they are fro* residue number 63-66 and 313-317 (see Figures 4 
and 5). 
28 
Alpli«» and b0t9-subunits of tubulin ctt-ffeir in stability 
towaxtit protfoXytic cnasymts e.g. txypsio and ehyiM^iypsin. 
Liifiittd proteolytic digestion of alitis-osubunit by trypsin yielttt 
t«ro fragments of molecular wei^t rr*; f Da and 14 kQi« The tryptio 
cleavage appears to take place at Arg 339— Thr 340 peptide bond. 
Controlled chymotzyptio digestione of beta-subunit results in the 
f ragm^tation of suburdt into 31 koa and 20 koa fragisentst the 
site oS chpsotryptic attack being the peptide bond* Tyr 231«x» 
Asg 332. Bt^ults on neucleotide binding by subunits of tubulin 
as ^ell 3S by proteolytic fra^ent shotted that the nucleotide 
binding site i s located in the large ll»tereiinal fra^ent of a l^a -
m6 beta^subunits. the r^idues ^ i ch are likely to be involved 
in ttt® nt%le(3tide birding included residues 58-^» 142*148, 
18D»183 and 242-^46. Using antibodies raised against alftia- and 
beta«subunita of tubulin i t was fc»ind that anti*alpha»8ubunit 
antibody reacts «iith alpha^tubulin as well as large domain of 
bete^subunit. The anti beta-subunit antibody on the other hand, 
recognises small fragment. Thus these antibodies can be used 
not only for distinguishing between alpha* and beta*subunit but 
also in recognizing large and ssall dasains of stdninit of tubulin, 
one of the interesting findings is that antibodies do net cross* 
r@dct with microtubule essoeisted proteins (Mandelkcw et. al.« 
1986}. 
^ ^ m w m r fflPWti 
Available data of anino acid sequence of tubulin (Gained 
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frm diffttrtnt sourctt show that th« tubulin i t highly eonsvxvtd 
pfotttifi. IHus alpha* and b«ta-subtjnit» of tubulin appear to ba 
tvolvad I r a a singla polypaiitida diain (3ryan and Wilaon, 19711 
Ludutna ^ d liood»axd» 1973)* thaaa aubunita obtaintd from 
d i f f a m t souxcas hava aiioiler molccular and structural proper^ 
ties* Thus tubulins irm aaa urohin and vert^rate organism, 
that ara phyl09«n«tically separated by aboufe 7D0 isillion years 
have eiffliiar N^tezodnal amino aeid set^enee and antigenic proper* 
t i ^ (Balest 19721 Beber et* dl«« 1975) • M can be seen in 
Table ¥ZII» al{^a*tubulin obtained frcm yeast* PhysaSffif 
urchin chicltt pig and huisan exhibit approidedtely *30»100 
pero^t se<iu@nee hcmology. likewise, beta«tubulin frooi yeast, 
sea urchin, chick, pig and human show 7i«l00 percent sequence 
hasol<^y (see Table IX). The enervation that secjumice hceology 
between yeast end physeruiB is relatively lower as compared to 
aniffial tubulins sesss to suggest that the iButation rates for 
alalia* tubulins of these organisiss were higher* As regards beta* 
subunits of tubulinst sequence hootology of the order of 95 perctfit 
was observed betwem closely related species, for example, human 
and pig. Because of i ts functional role beta»tubulin obtained 
from differant organ!sas exhibits high degree of sequence homology 
(Utt le tffc, al.» 1986). 
10. 91 
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ifi di iektn and (^ Xfwvd<ya9n#f end other •tikdryol«» iwmJL sob* 
Ifitertsting iiifozsatlof) (Ci«v«laiid ai,t 19801 aiifioK and 
Hot«nt>cuB, i9di). Thua it was found l^at aany eukary^es hava 
multlpXa tubulin gen^. For examplat chieksn OKA and Drosophlla 
CHA posrass 4 genes aa^ for dlpt)a» and bata«tul>ulin« In saa ur^in 
theire are 20 gtmes ea^ for al^a* and bata«tubulln. Ht^ an ifiA 
contains» 10 ganas for alptia* and bata^aubunlts« rarpactlvaly 
(Clavaland at. dl«t In eontra(^t, dilarnvdciiBflnaa has (^ly 
2 g m ^ ea^ for al{:l)d* and bata^subtinlts (Brui^a ®t« sl«t i 
(jilflee^ and H08«mbaus}t 1981 >• Cluster of altering al0)s* and 
beta^tubulin g^es «s©ra f ©uf«l in yrypanoscaa OK^  (Thopashow 
0t. dl», 1983)« Available data m c*t^A epeeific for end 
b@te*tubulin Qli^ shewed that the crultiple genes eodii^ for either 
of tl)e two subunits are not linki^ S genes and that "^ey ere distxi* 
buted throughout the genase* 
m yeasti there are t%o tubulin genes namely tub 1 and Tub 3 
producing respectively 445 and 447 aaino acid residue proteins. 
More reesntly Monteiro and Cox (1937) analysed the primary 
structures of alpha*tubulin gane of Physarua oolyeechalf. They 
identif ied 7 intervening sequences • The alfiha^tubulln fron 
PhysaruM contained i&ethionine at c»teainal region instead of 
tyrosine retidues that has been recognised in other preparttions 
of alpha-tubulin. in alpha»tubulin ganes obtained f ron other 
sources* the nusber of intrcns were 3 or less (L i t t l e , 1985). 
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Th® bfta-tubulln geno in chlck«n and mmf vext«i>f»tet eontainftd 
3 iittrons dud 4 «itofi» (SuUlvan ift« 1986). 
in of infomation m th7«9 diisensional struetur* 
of aiphd«tubtillit« i t i s net po»6ibi« to eorr^lat* th« poiition of 
infcrofis «;ith fynctionai damaiiis in aX^swtubuiin (MoRteiro and 
Co*» 1987), 
( i ) 
/iHtibddies fi^ainst tubulins showed cof^idezabl« 
cross»r@activity with tubulin ftm diff@rent ®oyfc@s* For mmplo, 
antibodifts raised agninst outer doublet fidgeUar tubuiins of 
e@d urchin npem tails cros8*r«acted with isitotie epindle sicro* 
tt^uissf ciliety csicrotybuies and doublet %ulin8 from 
other speoies (Fultcai et, e l . , I97lt Sibrlnci n^d Ban.:Kyil» I97l{ 
Weber et« «!•• 1975). It hes also been shown that antibodies 
against eytoplasmie tubulin cross-reacted with ipicrctubule present 
in various tissue (arinkley et« al,» 1975}. 
one of the interesting (Nervations aiade by .'Morgan et«al« 
(1978) for chick brain tubulin-antlbody systin was that antigen* 
antibody reaction did not lead to precipitation. Accordingly, 
the antibodies could be detected by double^ntibody coprecipitaticn 
and radioiaaunoassay (RIA) but could be detected in quantita-
tive precipitin test (Morgan et. a l . , 1978). i t is likely that 
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fuzthtr flt«o€i«tlon of •ntlgiiw«ntil>ody eanplex leading to 
{»c«eipitdtio{i elth«r dots not tAk« pl«ot or occurs to insignificant 
axt^fit* 
BotQ&n snd Spooner (1933) studied the interaction of 
tiiinilin«>dfititubulin cosplejies ^th cicrcftubule poison, sud) ds 
colchicine* It wes fmvuS that colchicine binding rasain ynsffected 
upon addition of anti^tubulin. However* tubulinocclchicine compleii 
was found to be less efficient as an antigen against antituliiilin 
than tubulin alone, this interpc^ed to aesn that coldhiclne 
binding induces a confozcational change in tubulin ^ i d i in 
altered confoimoticai e i^ibit^ reduced ant ig^c i ty tossards 
antitubulin (i<i^ r93n and Spoonort 19S3)* 
Tubulin recctive antibodies weic found in oora of nooasl 
non i^simunised rabbits» pigs calves ^ d humans, although the^ 
were present in a loif anti-tubulin t iter (Kassonti et, a l . , 1977). 
( l i ) ntmm ly^ t ^ t n u w 
Hydrogen ion titration curve of calf brain ttOnilin has 
b e ^ studied in 6 M guanidine hydrodiloxide by i.ee et, al , (1973)* 
in 6 M guanidine hydrochloride tubulin is found free froB non» 
t 
covalent interaction and exist in randcs coil foxa. As a result 
of diarge separation in the unfolded state, ^ e electrostatic 
interaction factor, w, ni l l be reduced to insignificant value or 
sero, Ihe number and nature of vasious ionisable groups in calf 
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brain were detexmlfi^ f rm th» hydxogen loiwtitraticn curve. Th« 
respoetive pK values for ^Xutamyi* iM^miil^ ami ^^  ai^ne 
groups d€t@xsiln«d to be 3.9D* 4.36f 6«3Q ami i0«49, fbts* pK 
values are th® sme as expected in the absence of ©lectrostatie 
effect® (Tanford, 49^) . Lot@r on et. ai , (i078) aiso carried 
out studies m the i^k^oxyi tltratl<3i of tubulin in presence of 6 
guenldin® hydrochiorid® a8 w@U ©s in aqueous buffer. Under native 
ccndition th© titration was found to b© irrcvorsibl® becsus© th© 
protein sut^tantiolly unfolded abov@ pH lO.O. Nmevett it 
posribl© to detosain© apparent pK v&luo of tyrosin® in equtoua,buffer. 
Tho oeasurod veiu© 10,8S was ovor me uj^t higher then that (9,6) 
expected for th© oi id^cnolicvgroup (Tanfordt 1963) • Anel^ea 
of results t^&ioxyl titratic^ of tubulin obtained in 6 ^ guanidln® 
hydrochlorid® showed that th© pK value of 13ie tyrosyl group is noi»«-. 
lized in i^e denatured atetet the actual measured pH value being 9 •9, 
one of the notable observations of Lee ^t* al« (1973} of hydrogen 
ion titration o^aviour of tubulin in 6 M guanidine hydr:?ehloride 
was that the niiBb@r of titratable acidic aisino acid r^idues «as 
sub&tantially lower than that deduced by amino acid analysis* The 
niAiber of sulfhydzyl r^cui^ s per 54*000 gm was found by titration 
to be 8 vbhich was the sase as that detected by Ellisan's method 
(1939), 
12. 
Most of the cellular functions such as locosiotion, cytokinesis 
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and phagocytosis ara p^rfoxsed by cytoskeifton (Ouatln, 1984}, 
cospxl&lng of t&iezotubules* lalcTofilaBents and IntezmiNSidte filais^ntt, 
The of structural organisation of these ai^entt of cyto-
skeleton is substantially altered in tr^afoxsed cells ishich may 
explain lose of receiptor cappiitg exhibited by transfoimed cells 
su^  as cells obtained from lyiDf^ atic leukemia patient as ksII m 
other neoplastic disorders (Berlin @t, al, , 1979), 
ii&iczotybiiles ore important d^eninants of cell shape and 
its motility (^Qclntosh, 1983}. They er© elso involved in orgenell® 
©ovescnt, DOcrc«tory proc^St axenal transport• e^smmm& sc^rego-
ti<m during Qitosis md modulaticst cell surface n^ceptors 
(Oustin, 1984? £2acci€mi ot, e l , , 190S), Hi© ototo of aggregation 
of cicrjtubules esiticdlly depends on factors <a'hid» effect aasrobly-
disdoswbly of tubulin, microtubules in cytoplassa represi^ o 
dynaesie end hi^ly labile structure. The lability is due to the 
rai4.d equilibiiuB between aggregated and disaggreg-jted foBEs of 
tubulin (inoue, 1975). 
Microtubules are hollOK fibres and resist bending in an 
elastic fashion (Tucker, i963| Lapountain, 1972; Gckleford and 
Tucker, 1973; Wazner and v»atir, 1974; Tucker and Mackie, 1975t 
dartolini and Monaco, 1976; deraiter^Hahn, 1978; Cohen, 1978). 
they can associated »ith different types of laaterials. 
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i^up^iw^ mpumn 
( i ) /^tffib^y-r^tfi^f^AY 
Polymedxation of tubulin monontrs results in tho foxnation 
of ciicrotubulos (Kirschn«r» 1978; Timesheff and Gci&hetQt I980t 
f^ cKiethsn aid ilotenbauoi, X9d4{ Custin, 1984; Puxieh and Kfisto.. 
1984), th@ time of asse^v of tulmlin 
isa)ooexs to oiiGrotu£Kiles» i s studied by medsuirir^ pmpexty su^ 
OS tuniidity or viscoaity* f irst a la9 ^lase io olsteined in vtrhid^  
no Dicrotubules ere formed. The lag ^aae is followed by an 
exp^ential growth and finally ^ o curve slopes off giving rise 
to a plateau region i^03e positicf) depends m tubulin cc^centra-
tim^ The plateau regim would move upwards upon increasing the 
tubulin concentration. If a curve le dr®««n betvseen extent of 
polymerisation as measured by viscosity (or turbidity) end total 
tubulin concent ratics)t the curve of the type shoain in Figure 8 
is obtained. At lots tubulin concent rati on t loiter than a critical 
cone^tration» c , no microtubules are formed. As the tubulin V 
concentrations increases • czdcrotubules are also increased propor-
tionately. It is thus seen that the microtubules are in 
equilibriui) »ith unassmbled oiaciosters equal t o C^, the nucleation 
during lag i^ase is a conplieated process vihere assembly is 
usually initiated frai organising centres such as dirotDOScnes 
(Mcintosh. 1983). HoMever, this growth or elongation of polyoiers 
i s siiBpler for linear polymers (Kirschner and Mltchison, 1986}. 
Here the monomer is added only at one end of the polymer containing 
o o 
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(fi -t> i ) asonomm and that th« n Konontzt ftr» ld^t i c « i In binding 
mmm^ t&rn Zn such situation* tho on*rat« (oc ) fc^ Addition of 
mtmamvrwiii bm pcopoxtionsi t o mmmm conG«ntv3tii3iv <C| isherm 
tli« offor@t« (oc^) is independent of monaratr concerifcrstion. Tho 
rdte of ascQfD&ly will b® given by the equ@tiont«> 
• cscc - o c ' < i ) 
^ ©qwiiibriu© th© on-ret® i© eqwal to tti® off-jeat® so that th© 
rat© of wiii be sero. Under thoso conditions* 
/ 
Ttitis ositicol ooie^itz^tion, C^ * of tubulin is foroeliy 
e«|uai to the dissoeietion constant (J^ j^j^ gg) ^op rovorsibl® 
^oiyiserisstion reaction. diorotubui®® am not tru® eciuiii* 
biiuin poiym®rs b®oawe th@y do hydrolys® QTP« Fuzth®r» th® xst® 
of assioibiy i® im^sitiv® to rate of monomer concentration* For 
microtubules the an»r®t® i t almost equal to diffusion»oontroll®d 
rat®* Tubulin behave® as an entyme that binds QTP duxing 
asssBibly. ^ure tubulin hydrolyzes one mole of reversibly bound 
ar^ (oavid^^i'feuty et« al,* 1977). /s^ tother mole of atP i t bmjnd 
< 
irreversibly at a separate site and is not hydrolyzed during 
®tt«i&bly process (;»piegeliBan «t* al*, 1977)* After asseiBbly* the 
bound (3^ does not exchange «ith OTP in solution (Kobayashi and 
;>iBiisut 1976; i^ eisenberg et. al*, i976}« Therefore* the atsembly 
of tubulin to microtubules* does not represent a true equiUbriusi 
40 
state dt tttady 6t«t« sine« th«ir« is Ci^tinuout GTF hydroiyti® as 
isoficner units assambis and disassasibls. If all th« 37P is 
exhausted then the asswMy prcseess wiii attdifi (i^e 
et» 1932)* 2t ^ould be ndted that OTP binding i s required 
for (cicrotubuie assembly, but not its hydrolysis ^ ioh concani-
tantly occurs during asceably procesr (Kirschner and f^lt^ison, 
1986)* 
Due to ifwolwDGfit of OTP hydrolysis in microtubule 
ammbly, three different Lcts of reactions are ctmsidered instead 
of @ oingle rovessible reaction. These tmeititam include the 
©dditicsn end loss of GTP-.ttibuiins» the ccnvoroicaa of OTf^ otubulin 
to QW foiro and ^ e addition and loss of Q{P«>tubuiin, These 
processes are regulated independently. The foliating model 
(l^igure 9) i s considered for separate assembly end disassestbly 
reactions* Fi3»t» the GTI>«>tubulin associate rapidly to foiro 
stable fsicrotubules «^ich have strong subunit bonds. Here the 
on-rate is faster than the off*rate. Later, the microtubule 
are directed to deF<olynerize, the GT{>«hydxolysi& occurs, whid) 
brings about a conforsiational d^arge hereby fofming less stable 
structures* These GDI* tul»ilins dissociate rapidly from the 
ffiicrotubule end (Kirschner and .'^itchison, 1986)* 
( i i ) ffvWiafit 
The antittitotic dzug*»colehioine is known to be a strong 
inhibitor of nicrotubule assanbly (Dustin, 1984), The ability of 
4 i 
J T T 
T T T 
T T T 
T T T. w 
Polymerization Hydrolysis Depolymerization 
Fifure 9m A isodel for c&erotubyl® assmbily* Subunits 
denoted tiy T, shorn in & oanfom&tian 
isith stxong intesBubunit t>ond9 dspm eyllndrlGAi 
aectora* Thoso JLlganded t i^th Gtff" ar« d«not«d by D» 
having «Mk Intertulnnit bondt shown a* 
<iartehi}»r and mtd)i«on, 1986)• 
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tubulin to bind colchiein* is on« of tho prisary ^«z«etoristies 
pzopsrty of tubulin. 
The naiot colchicins is dtxivod from meadow saffron^eolcMeues 
u^tUGBnale. It is used for curing aoute ^out, The tubulin ditser 
contains cfie site for the binding of ccd^ioine which binds 
@toichior;etxieallv ^^ Ith a dissociation constant of l»9xld** 
Ihe binding of colchicine to tubulin is a SIOK process end is 
occoepanied bf coifoxmsti^al ohmge in tubulin* The colchicine 
binding to tubulin otzongly depci^s on temperature end mQ caxiisal 
&t 37®C, The f irst ctep in th® binding i© the interactiori of 
tropolon© ring (C) of colchicine (Figure iO) «fith ©jKJcific binding 
Qite in tubulin« which sllon^s proper orlentatitm of the tubulin 
region for its intoractiaa ^ith ^ o triaethoxyittenyl cDoicty 
resulting in the fosmation of stable ccssplex vsith the dfug» 
(/'^ idreu and Timesheff, 1982}• The tubulin colchicine ccmplex 
has the ability to self associate in vitrot but the resultir^ 
polymers are quite distinct fron inicrotubules (Cozreis and Williams 
1933) • this is p ^ ible due to the binding of colchicine to 
tubulin resulting in the alterations in subunit interaction. 
atudies on interaction of colchicine with tubulin and i ts 
proteolytic fragment showed that the coli^icine binding site lies 







Figure JiO« Strueturo of coldilelne (Andireu end Tiisdsheff, X932). 
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Mierotubul.« associatAd prot«im «r« knoiin to pranofc* 
Atstcibly of tubulin in vitroi th«y play e reguXetdzy 7ol« 
imeci<mi ct« ai« , i985). TubuXin Itolated by cyeies of assembly* 
dleasssmbly process (ishelanst l^ et, al«t eocitairi other 
proteins* designated as ffiiorotubule associated proteins (MAPs) 
(berrano et, a l . , i9S4<.)« Tubulins devoid of l^ lAPs do not polyiseri2# 
unless the buffer omtained glycerol* diiaethyl sulfoxide or poly* 
ethylene giyo^sl and mually the presence ci hi#) concent rations 
of c:a9nesiiii} i m (3*10 or the addition of tdKol or polycation, 
i^rhich oay substitute for the s@quireDonts of (Steele and 
Oorisyt 1979)* ccfitain a polycationic dotsdin (32 kDa) and a 
lac9e pra3ecti<»i dotaain (239 kOs}t the foxmer is involved in its 
association \sdth t^A»ulin and tezmed the landing domain (Vall«« 
1982; Correia and railliaroSf 4933) • Bie acidic cazboxyl tertsindl 
fcoiety of tubulin subunits has been id^t i f ied as the site f o r 
MAPa interaction (Serrano et. a l , , 1934a» 1984b$ /jSaccioni et« a l , , 
198S). 
«»ubtili8in cleavage of phosphoceUulose purified tubulin 
yielded two major fragsMnts each of 40 kOa, and a small peptide 
(4 koa) containing t^e carboxyl texiainal region of tubulin 
(Serrano et. a l , , 1984b). Tubulin devoid of the carboxyl tezninal 
region shoved narked tendency to undexgo polymerization even in 
the absence of MAPS. The polymer fonoed were open microtubules, 
folded sheets and protofilanent bundles. The structures e)diibited 
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^imctiont b«twe«n polyner wsxist suggesting an Incrtastd lateral 
intezeetlofia aa ccffipased to thoaa of olerotubulat• Cafi»oxyJl 
texffiinal portion of tulHilin is rasptmaibie for maintaining an 
appropriate tubulin conformation thereby controlling the extent 
of interactions ^ith other tubulin tsoleeulea. Also, the 
provide optimal conditions for polymesisaticsi by neutralising the 
^arge (Vdlle» IfSD; iierrano et« al.t 1984b} and stabilising 
tubulin eonfossatim (Serrano et« 19S4a), 
ttiaenberg (1972) fir@t explained the inhibitory effect of 
calcium iom on in vitro assembly of microtubules. Ihe interaction 
of this cation mith tsicrotubules v«as subsequently studied by ether 
workers (Kirschner et« al.» 1974s Hayashi and Mats una rst 19751 
Soloi&Qn, 1977| Lee and Timasheff« i977| Niahida and ^akai, 1977| 
Karr et. al*, 1980| and Berkoaritx and M f f , 19dl>« CaleiUB ion 
Giay exhibit ita specific effect in two «aye* First» i t may affect 
the interaction of caliaodulii< with microtubule associated proteins. 
Secondlyt i t would directly interact i»ith tubulin whid) i s knoiai 
to behave like a calciun binding protein (Dustin, 1984). There 
are two classes of calciUBi binding site on tubulins the high 
affinity binding site (one or two with a dissociation constant of 
10*^ M) and several low affinity binding sites (disr^ociation 
constant 
Data on calciun binding to tubulin and its 
psoteolytic fragnent showed that the metal binding sites l i e 
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in th« caxtooxyl t«xmin«J. aoBAin of ai^tia- and bcta^sutmnlts of 
tubulin (liaecloni vt. i939{ accrano «t . 
!!)• micsotubuldr protein* tubulin has b«an zeeo^tad in 
bioiogiesl casbranes (Stiatterc^asya and t:oiff« i97di Kelly eft, a l , , 
19831 Ziseij@l @t. al.t 1980| 1985} • Tubulin is also 
knoB^ n to bind to toembranes isc^ated f rm mmmalim liver and 
adT^al C3«^lla (Heaven md Azhart I9@if 0@£niacwVal^tin €t, al», 
1983)* In calf brein tubulin* th@r0 are larg® regimB for hydro* 
E^obie interactic^a. These have been pr^ed usin^ d@toz9ent8 9uc^ 
68 octyl ^lucoside and deoxydiolate (Anditie* i982t ^ z u e and 
fOmoz* 1986)* Of these detergents* cme is ionic and the other i t 
non*ionii!* They ^er® seleoted beocis© they bind <mly to Qeabrane 
proteins (Heltniua et« al.* 1979). 1h@ results shoeired that tubulin 
bind aii|;lti|^ilio compounds to apolar regions. Thus there oiust 
be an equilibsiuBi between water soluble tidmlin and aaphipathio 
foxm which is brou9ht about by interaction ^ith aild detergents 
(^drue and Munos* 1986) • In the altered fosn of tubulin* the 
apolar regions are exposed for binding v^ ith the hydrofitiobic 
ligands. This property of tubulin indicates that it is a very 
flexible i&oxecule (Andrue and Munos, 1986} • The intersctions of 
tubulin with siaple phosi;^olipid vesicles were studied in order 
to provide infozsiatian required for the fozvuiation of neehanisa 
of tubulin»iB«Bbrane interaction (Caron and Berlin* 19791 Caron and 
Berlin* 1987| Klausner et. al.* 1981* 1983). 
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Xt has b««n f»port«d th&t there i t an «ittmiv« aatosption 
of ffiierstubuXo protein t o iiposoffie such as phost^atidyldiOlina ( X ) 
m4 phosfltatidyiseiine (PS), fubuUn adsoi^ed to neutral i:lios$ho» 
lipid vesicles c ^ be dascxbt^ d to f o n siierotubitles ti^ en buffer 
conditions are adjusted for polymoritation. Xn contrast, no 
polym@£isatic2i vcas observed* «dth preadsorbed acidic |tio8{l)Qlipid 
vesicles« indicating irreversible binding (Figure U K Excess of 
neutral phosi^holipid @t thn de^orption site i s free to diffuse to 
th@ a^oi^tioi site to repeat cycle* 
lharo ovid^ce to au^est that oicrotubulo associated 
proteins tnay I30 invc^ved in iniGrotubul@<»e©ll cec:!3r@n© interaction 
(Ueebeck al«» 1933} 
A review of the existing literature on tubulin shoiirs that 
in g^ieral tubulin obtains frcm d i f f er^t species are similar 
in Qiolecular and functional proj^^ities* However* notable 
differences in chesi,csl properties of various tubulins have been 
noticed. Thust whereas calf brain tubulin contain one disulfide 
bondt the protd.n prej^arations free brain tissue of several 
m i^iiialian species are devoid of disulfide bridge. In order to 
study the possible species dependent differences among various 
tubulins we have isolated the proteins from sheep* goat and 
buffalo brains and carried out conparativr studies of the 
col^icine binding properties anditheir susceptibilities to 




Figure U . SchcJostic dlegcam shoidnQ edsocption of 
proteifi ( ie f t ) on th© is«Bibiene followed oeXeetlve 
dseorpticsn and assembly into eiiccotubitJles* ( • ) 
nm^ral phoaj^ollpldB sad ( m ) acidic fshosi^olipid 
(Canon and Bexiin, i987). 
for investigating the hydrogen ion titration curve of sheep &r«in 
tubuiin under netivo ocstditions* At slfcaiine the titration 
wae irreversible and therefore {^enoxyi titration «.6s performed 
under denaturing conditions in order to study the ni»b@r and 
nature of tyro$yi groups in sheep brain tubulin. 
lu mm^mM 
A. mrkBiALs 
u y m t l i n 
3ovin« ••zin aibtnlQ ^o* Jj9QF«033)» tfypsln (lot 
Cio* lm2395)9 <^yffiotsypaino9«iwA (lot Ho. ovall>taiin 
(lot 140, i0SC«8D22)» cytoehros)* g ( lot Nom 09GmQ3Bh e i^ym&trypsifi 
( lot C-4J192) end pe$Mnog0n (lot m , Pw478i) m m 
frcKQ Sigmd 0imie&l Ccmpmyt iit« Loidei Paf^in 
(pcoduct 399dQ) ob%ain«e! 
Th@ oh«!i6als uned in of v@xiou9 
^ith theiip aoucee» iri parmthcs^ mim p€(t@99im Mhydvi^m 
ortto^oss^ete {0!B» Bmb&yt XHt^ aly dif^aseiua hydrcgen oxtho* 
(001*1, BcxaiStayt X^^dis), sthsne sulfcnlo 
acid (MBt) (Sigma cbmAeal Ompsny, St. Louit, U.S.A.h 
(^asiino»^an0tot«tra ae«Uc dold (E^TA) (3£»4» Sombay* Zndie), 
magntsiuD chXoild* (BOHi 3aab*y» scKlitim ail)ydit)g«fi ottho-
|]hosph«t« (BOH« 3oBt>ay, inaia}, ditodiUB hydrogen ofthoitiofphat* 
(^arabhai chamlcaltt Saiodat India), potataitM eltloxlda 
(sarttihai M, Chaodcala, daxoda, mdla), gtianoalna 
(OTP) (liigna Chanlcal Ccnpany, St. Loiiit, Mo., U.S.A.), aucfota 
(3CK, aosbay, zndia) and soditn aoatata (bazatahai M. C^aBdeala* 
aaroda, India). 
Forthtt praparation of Tfit-gXyoina iiiiffar, Tsia (lot 
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No* TmiStB} was ftm Sigmi Ctimaieal Cmpmy, St« Loiiit* 
mm9 me 9iy6in» fto» aoH» aoBbay, Xndia« FetfedssiuB 
hydro9«i md so^lxi t«t7«&ot»te whieih nets* uttd f ov tlit 
pirttparatlon of standai^ l>iiff«ss aUo obtaini^ fcoe 
Boalsayt lodid, 
Se0)a<jt8X <leiet9an and DBAS* 
S®|ihad«x ify^W) puitS^asei imn Fhaimdela fim CtittleaXa* 
Uppsalat Sts^an* Phos$tioeeUttlQs@ m^ ftm Si^ QtmAeel Cot&panyt 
St* Lotl&Si 
flifgliiWgtlOTftlg. 
^zyiamide waa pirehaaed f mh 6* Dseo3taa%» Oasaanyi 
^*|j*<»®«thyXar)o.lcila»acryla{side waa ftds Heanalt Biidapast, Hitngasy, 
«aa olitalnad Ifos faxaki 
SarUn* wast Gecnany* othar rasganta usad in eiaetcopHoftalt 
«ax« ^ztssophanol biua (8CH» r00la» ingland}* aisnoniuB paistiiphata 
(ti* Macek, Dra»atadt» aaiSMiiy)* sodius dodaeyl staphata (BCK, 
Booliayt xndla)t 2««ax6«ptoathanol (8i}i, pool » hngland}* eooi&asaia 
iisliUaftt bXua H (Slgpfta Otanieal Canpany* st* Loulst »o«» U*S.A«)* 
diehlovodimathyi aiXana Marek« DiraHstadt, Qanariy)* ehXoxofofn 
(QXaxo» aoBiMiy, xndla), gXyeaxoX (00-!, Bonbay, Xndia}» gXaeiaX 
aaatic aeid (QXaxa» Sonbay» Xndia) and laopiopyX aXeohoX (S3H, 
B(Mibay» xndia). 
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Guanldinium eaxbonatt (3DHt Pooi«» England), hydrochloric 
add ( W f acttbay, XHdia), poftaatiun hydzo«id« (aaralliai M. 
Chfl^Qdist aazoda, India)t eectona (Olaico* Boffibay* Xfidla) and 
«thai}ol (ChmsiG®llf pure) utad* 
l i l f i f ^ ^ m w . M i f f l l i 
Othar m&qmtQ meS mw&t Mmtmlm sulfate fa* 
Gtiaolcsla* aafodst India)t ecid Caas!alil)di E* 0)Qiiieai«» 
8@jrod@» Xndi®)» bscctifie (SISHt Soeabdy, X()dia)# ooomassie bdiiiMit 
t^m Q (Gi^ ma Oimslml C»pany* l^ t* l.oiii©» U*s»a«)» copper 
sulphate (B^:* Qasbay*. Xtidid)i ccieitim ^ios idt (Sdffal]hai m, 
Gh^sieaist Sarodd, lo<^3)» ninhydxin Qiodisco^ a!)9iaRd)» 
octlioipltosi^ofic acid India), oxalic doid (TO* Ocoibay, 
£Odia)» soddm oaxbonato (oasalaliai M, c^ooiieala* Baxodd, Xodia), 
aodiua tun^stata ( m * SOBbay* India), soditin pa^aaaiici taitarata, 
iaUi, SoiBbay, India), i i m t n sulcata (SDH, aombay, India), 
aodiuB aiQlybdata (SDH, aoeibay, India, mathyi cailosoivo (E. riaitk, 
OSMiatadt, Gasiiany), eoldtieina (BDH, Pooit, Sngiand), pofeatsitn 
diebfo&ata (^axattiai M* ChaniGaia, Baroda, India) and sodii» 
hydioxida (Qlaxo, aonbay, India). 




Ihe FQliiwitifRoi wa» pr«pdx«d by the sethod of 
roUo &m Ciocaltou (J1927I* In a t«$o Xitve tmm6 b^tm fiaskt 
^Tapped ^Ith blacit eestton papers, ^ere @dd«d c^ ©ot^ UE!) 
25 9fams of @odiMii molyliddte* SO s i of 35J ostho» 
100 mi of oc^eetitsatod hydxoc^loxio aeid and 
70Q ol Of distiiJled Th@ fia®t£ »as fitted ^ith a cmdmB&r 
and tJj© toixtiare mm r©fi«jied for a&oiit lo hours oft©r wtilch 
of Xitli&ti!i» euJlpl^ at©, dD ini of ^ater ^ d 1 ml of liquid 
broaine ^ero ddd«d* Th® corrtrnte then h@@t@d t^ slthout 
cimdeiiser for aboufe 30 tDifitites to r®ov® excess broBifse, Aft«r 
600liR9t the voluRio of mixtum «css cade upto one l i tre with 
water* The bright yellow coloured reagent wee filtered and 
stored in & dartc brotm bottle* The etock eolution ms diluted 
isith water in the ratio of is4 (v/v) before use* 
^fftKfffffUlW Iffgffll 
For preparing oopper reagent, three eolutione are required 
ae mentioned t 
A. 4 ^ eodiuB carbonate (w/v) 
B. 4 % eodiint potaesiuB tartarate (w/v) 
C. 2 jii copper aulishate (w/v) 
The oopper reagant wat prepared by niidng the above three 
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•t06l( toltitioiit in ttif i »t io of iOOtiti* III oitS«r to avoia 
prftdpitaUofit solutlofi (d) «at aadad to solution (A) and aftar 
laisiiig tho t«ko» aoiution (C) was addad to tha isijctusa of (A) and 
(3) • lha rtegant thus psaparad was fiitarad bafoira itaa so as 
to zmova tuslxiditY* i f any^  mtiioh voiiid intevfeta subsequantly 
in (saesuMant of optioei dansity, 
3* „ ftf Sffffi 
Ona htjndced irilligrarcs of coasassi® briliiant biifo G»290 
me dieoolv^ in 90 oi of ^thanol by slieking t i U all tha i^a 
into tl)@ ©eiiftiai* to sdxtur® addad WO tiii of U 
(v/v) ortho^os^osio aoid* Ttte voiuma m9 then tsade ttpto i Xitra 
«!:ith diatiilad ^ater* Itio tmgmt fiiter^ed befosre tido* 
Guanidina hydxochiosida was praparad from guanidina 
oac&onata* Fiva hundvad gsass of guanidina oatt>onata m 
dissolvad in mininaX iroiu&a of watar» than ona iitsa of athanoi 
was addad to tha aqueous solution* Tha aixtura Mas kapt in cold 
for aavtrai hours t i i i tha oxystals wara foxisad. Tha crystals 
vara than fiitarad ovar tha buehnar funnai and washad with 
athanoi* lha proeass of crystallisation of guanidina caihonata 
«aa rapaatad thriea. Tha purity of guanidina eaxbonata was 
ehackad by taking absorbanea batwaan tha wav«»langth 20a»700 nn« 
Tha abaanca of any paak indicatad that tha crystals of guanidina 
carbonata wara davoid of any isipurity. To tha guanidina earbonata 
thus ol]tain«d« tiydioehioirie aeid add«d gmdutXiy tlXi ttit 
to pH 6»0« solution was wained til.1 orysta* 
ilisatitoft oee&rmt'h Pw ^mt wa^i^mS mi^ 
ams fiit@£CKi ovar buchntr ftmnai. The csystals of guanidliia 
hydZD^ioilda wera dsiad in a dasiceator« 
Gm^tM Ml inq hydxod^ioxic aoid me. prepared by tha 
sisiiar to th@t of Fouife ^d lloliir^swovtl) (1,923), 
aeid (2S0 ml) was csixad «sith oqtiai voltisa (25Q ml} 
oS v-©tcr if5 G round^bottos) flatk e^iich fitted t&ith q cmAemet 
having spiral glaos tulm insid@f to feci l itoto cooling. The add 
di6tiUad &t stDos^tieric pressure* imtial 23 c l of th« 
diatiili^. 0 ii;as diseardad and the next ml waa oolieeted for 
the preparation of oonstant boiling hydfochloric aoid* thie 
fraction wa® redistilled at a G<»istant teiBpexatitre of I09^c* 
First ral of distilled hydro<^loiio acid was rejeeted and 
3D lal of the constant boiiin9 hydrochloric acid was pooled in a 
dry flask* The distillation was discontinued «^en about 90 ml 
solution was le f t in the flask* 
Before using potassiim hydroxidst i t was titrated against 
oxalic acid to find out i ts strength* 
A saturated solution of potassiw chloride was prepared 
u 
by htatifH) th« i t «ra» th«fi k^pt in th» r«f sigexator t i l l 
^lystais w«r« foxiscd* then fiit«7«d ov«r th« buehntv 
Th® Qiethod of Mooy© and atein (4954) ^ s used for th# 
pr^pafstion of liydi^ndsfilin* On® ^ctio of nirihydftn mt; dissolved 
in 25 nil of wstex- Ihm 5 tal of 2D % ascozliie add 
solution ^fls edd«d «lth continuous stining* Mt^t 3D ointites* 
th® ctsrrtents cool«d und®r tap wsto®. th@ crystal® thus 
raslied tssieo ^ith ehilled water and dsi^d in & 
desiccator* tho dried oiystals etoriid in the darfe* 
Three hundred oilligra^s of nit^ydrin and WO isilligraas 
of hydrindantin were dissolved in 76 ml of mett^l cellosolve and 
tlie volwe was issde upto IDO ml with 4 M @<^tia acetate M f er 
5.5* The reagent mm stored in eisl»er coloured bottle at 8^0. 
msnmrnwiki 
pH neasuresients were done on £C c^gital pH »eter» (sefial 
022* pK 5651) in conjunction v^ ith BC ccnblnation electrode and 
occasionally on Hlico digital pH iceter (no^l I.l'»l20} usin^ 
electrode type CL^l* The instrunent was routinely calibrated 
with 0*05 » potassiuB hydj»g«n phthalate buffer, (H 4,0 in 
acidic pH range and 0*01 M tetraborate buffer, pH 9.2 in the 
basic range. 
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( i ) ^^^^tfti 
absorption ramuments in tho ultffa»viol«t x«9ion 
were on cazi«>Zeies Sptetio^ofcoiiietor (ffiodtl Viiiia^P) and 
m Douisie SeaiB apeetiroi^otoscft0r» (mo<3«i CE»S94}» For ei«dsufir^ 
sljsofptiont in i ^ a i * MmiJ. Fhotodira ooiostoc^tr 
Fiuoredconc® mm ^ocie at torn tmpesaturt 
en ^ n c o Bomm epeetfsfiiioromet^r mim f^ BmS cw0tt@s of I. em 
path 
Psotdin eoncentratioi of tubuiifi ms d«t@si&in@a sptctco-*^ 
i;liotoia«tzieally liy measuilng optical a m i t y dt 283 nm tisin^ 
th« valu« of txtinetion co«ffiei«nt of i*i5 mi csT^ (Apf^ 
R«o « t . ai«» i978}, oeeationaily, tho piotein coneantration «sa» 
R«atitc«d aithar liy th« Bcthod of Lowxy «t* ai , (i9Si} or tiy 
Bx«(}ford*t fnathod (i976) uain9 bovino ttsum aibuain at atandaxd. 
i i . 
( i ) t f j^ f^f i ^ w n w i ^ i ^ Y 
;a«|tiad«i Q->200 waa auspandad, in watar and ailcwad to 
atand for a faw houra in oxdar to giva aiiffieiant tina to awaii. 
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Il>« fines in the tiurxy mf rtaovcd by droantation. th» 
paroemt ws* t i U all tli« flntt tmcv6* A gUat 
coltnn (2.4 m M WO em) wat takan and wa^ad l i f t t with 
than &itmAe aeid and flnaUy ^ith dlatiliad watar. It «gat than 
ootinted vavtiesUy, 8afora peeking the eolusnt the xtdiua 
d@tecmin«d* For thia» stdpa of graili paper war® pasted at three 
piaeeSi i .e* noddle and upper parts of the ealtiisn. Eaet) 
tii^e & cylinder o$ 2 m was coliacted in {^ rewaighed 
^ t t i e s md their weights dcteai^ed m Ovaiabor top pan haianee 
(Typ© 7aa«06)# the avorag® of the water of 2 c® ^ei^t 
f o ^ to be 3*966 gca* voi^e was caie^ated t)y (Evlding 
the «seight c^ tsater hy it^ density (dK 1h© value of 
density at roois teQ^peraturOf » was t a t o to be 0«99653 
imtt^ imm^ 1963)« 
V « lYvh » « /d (3) 
or 
The ssdius of the coLunn eaieuiated fron eqt^ion (2) 
eases out to be i«i97 en* since the bed height of the coltMi was 
36 oot the total volune of the eolinin« V^  was found to be 337 8)1. • 
in order to tranafer the gel slurzy to the eolunn* i t 
was f irst f i l led to about one^third of the height with the eluent 
and an extension was fitted over the colunn, the gel slurxy was 
then gradually trmferred to the eoluwi. The gels were allowed 
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to scttl* ovtini9l)t« tt9 «}itansiofi rtnov*! and th« coluem 
conn«ot«t! to op«r«tif)g Mimt* Th« eolunn was f iz»t run #t 
d flow rata of & par hour and fftaii It mm ^faduatly tnerwiaad 
to iiil p@r hour. A vduma of buffar aquai to thraa tisiaa tha 
total v;>lu»a of tha coiti^ waa paasad through tha coition at a 
cmtant fion rata of 33 sii par hour. 
tha packing of tha oolusn ms c^aekad bif pasain^ a band 
of 0*2 solution of blua da](tran«»20DS>» Tha alutl<^ voitnta of 
biu® d@iftran thus obtainad also gsva tho void V^  of tha 
colmn* 
Bafora a^pXyin^ pi^tin aampia* tha operating buffar 
cbove th© column bad isa® defined off» and tho saepia th«fi 
applied Kith tha help of m opplioator* lha etop»coek waa opanad 
alot^ly and tha aattpla m&9 aUo»ed to i^aa do«n ^ a uppar aurfaea 
of tha 9al in tha eoluom in mdb a way ^ a t tha 9«l surfaea was 
not eoi&ijlatiiy dclad* Tha atop^coefc was than dosad and eluting 
buffar was addad gradually with tha halp of an applicator* Tha 
coltflMi was then eonnaetad to tha alifting buffar with ^ a halp of 
a latax tubing and fraations ^ 5»iO ml wara collaotad at a flow 
rata of 29 nl par hour and nonitorad by tha mathod of towry 
at. al* (1951). 
( i i ) m 
(a) ghfttB^^f^MWf tf^fWf^OTiatf^Y 
Phoaphoeallulosa ion axehangar was usad for tha puzi* 
ua 
fleation of tubulin. About ten grams of the r«mln 8U9p«nd«4 in 
900 ffli of water* «at aUonod to swail for 3*4 houst at foon 
twparattira. ion «xcf^an9«r waa tr«dtad tilth 0*2 M hydso* 
d^iofic aeidf 4*5 tiosaa and waahtd thoroughly with water. It 
was then treated sith 0«2 M aoditm hydroxide* 3-4 timet and 
again washed «$ith water to remove eiceeaa of sodiiiD hydroxide* 
then i t was equilibrated ^Ith li*£3«>EDTA buffer* pH 6*4. the 
slurry wa$ poured into @ ao^ii. csoiut&n (iO ml syiinge) and was 
allowed to settle tsidor gravity* The c^usfi packed «aith the 
ion eKchan9@r opto 3 foi of the marte* the p r o t ^ solution ire3s 
ap|»lied to the oolissn and th@ fra@titm© «f 2 13)1 ^ere eolleoted 
t i l l all the unbound protein isas eluted* the bound protein tsas 
oluted f3BQO the colueii using l a sodiuii ohloxide* Fractions of 
2m4 fitl were collected and omnitored by Bradford's method <1976). 
Diethylaaiinoethyl (OiJ^&«Seitiadex A»SO} nas used for the 
purification of tubulin frcn sheep brain* About 9 grai&s of 
0&A&»;ie]ph«dex ion ex^anger was suspended in SOD isl of viater and 
kept overnight for swelling at room temperature* Xt was 
regenerated by treating f irst with 0*1 H sodiun hydroxide* It 
was washed over buehner funnel with water to reoiove excess of 
sodiUB hydroxide* the ion exchanger was then treated with 0*1 N 
hydiochloxic add* The washing was done with distilled water 
t i l l the pH becane that of distilled water* the swellsn and 
x«9en»r«t«d im •jK^ hang^ r was e(|tiiiibrdt«d mith 0 » D I M sodium 
buffert pH Ibe sXurzy wsd then tKsntfftfr«d to 
glass eolumn (2 cm x liQ as) sndtliv ion exehengerwss 
to settle under grsvlty* The protein solution wss applied to ^ e 
oduiEn o&refully if^ ith the help of an applicator. The unbound 
pfotfin vsm oluted v^ ith 0*01 M sodium i:hos|tiSte buffer 7,0* 
Piotein botJERd to E^AB-sei^ jede* colusm m&s thm subjected to batd^-
wise elution «<jith 0*2 @ potassium ehloxidey 0*3 §>1 potassium 
chloxidto finally csi^ 0*8 HI potassium chloride* all pmmmd 
in sodii® ^©sphst© buffer 7,0* Fraoticns of 3 ml were 
collocted {^ nd the colussi ms oonitorod by usin^ Sradford'e 
r^cgent (Qrcdford® 1976h 
W Mm tft^tCTl,,, „ 
Sodium ttodeeyl sul{:^ste polyacrylamide gel ©lectroi^oresis 
of the protein was carried out In 0,1 M sodium itios^ate buffer* 
pH 7,2 (X » 0.24) • ocntainif^ 0*1 M sodium dodeeyl sulphate 
(i^eber and Osboxn* 1969). 
The gel tubes (0*5 m x 7.5 cm} were thorou^ly washed 
and silioonited with 5% (v/v) solution of dichlorodimethyl silane 
in ehlorofom* The tubes were mounted vertically with tlieir 
lower ends closed with rubber stoppers. Small pore gel containing 
10 % acrylamide (w/v)* 0.037 ^ aamonium persul|l)ate» 0.08 M 
i 2 
ftodlua phosphat* buffer oontaining sodlun dodtcyX siii$tidt« and 
0.06 d (w/v) N»(4,t3SN*<»t«tra!nethyi«thyi^ediaiiilR« was taken in 
tubta* ftm diops of wattr was layerad over the eiaaU pore ^el. 
/liter {:^ya®eizatiQn« «(ater layer «rae relieved* The protein was 
epi4ied to the ^ei tubes after they were transferred to the 
©ieotXDphoretie c$)aiz^r ccntaining buffer* Mr bt^ies were 
rosoved tma l^e Xoiser ends of ^ e tube. The protean saispie ^as 
pr@|:^ r#d tiy heating t^lth i ^ sodium dodeeyi auipiiste for ^ ainutes. 
/«ftor 10 iilnutes 1 tj 2>^@rcapto@th3nol csas added and kert ovemi^it, 
The protcdn samples wer© applied together «flth O.OSSJ (ts/v) 
brasosiiienol blue and 10 Jj glycerol. Currt^ of B t&A/'tube 
passed for hours. The stained by the method 
CQployed by Fairbar&s et. al« (1971) using l^e folloi^ino solutioDst 
A. 2S % (v/v) isopropsnol, 10 % (v/v) sc f t ic ccid» 0.04 ^ (w/v) 
cociDessie brilliant blue IU25D|oveifiight 
B. ID ^ (v/v) isopropanoit 10 i (v/v> acetio acid end ^ 
(w/v) cootMssie brilliant blue B»290| 8»ia hours. 
C. iO i (v/v) acetic acid and 0.0025 i (w/v) coomassie brilliant 
blue a-250i overnight. 
The gels were destained ffiechanically using 10 % (v/v) 
acetic acid. 
( i i ) a t^fl^ w mml 
sodiuB dodeeyl sulsliate polyaeiylsMide sl«b gel 
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titetxophomis «•• p9jetom9d In Tils»giyeln« (0«025 M Iris , 
Q.194 bi giycint) fH containing 0«i % todiifs dodtcyi 
w^pmte, lYitf Sfthed foUcm«d wdt th&t of ilWTQ) • 
Hi® plat«s washed witfi dhroGsie acid and dttexw 
After dryingt the plates m w siUccnised ^ith 5 % 
(v/v) @oiiiti«an of dichioroi^methyi ©llane in ctiioEofoi!®. Itsfjf 
then (sounted vc£ticaily» their lm@it ^ @nd the two sides 
were seaX^ with greased strips in l>etKeen* 
Burming ^el soiutitm ec^aining 12 ^ dcryXaffiide* 0*33 
Tris<»»WCi buffer fi^  8*8 hcving 0«i eoditjsi dodecyi ouii^dtet 
0*030 % eiziDonium persul^ate and 0«05 ^ (w/v>« tH^N^S^* tfl'^tetrd* 
sifsthyle^yienedisffiin® wos carefully filled* tsith the help of a 
pipette* in between the vesticMly cDoiaited glass ^stes* U'ster 
was ^ ^ layered over the synnins gel with the help of & syringe. 
After the running gel was polymezised* water layer was 
riiBoved end stacliing gel containing 4 ^ aecyle^ide 0.125 H 
Txis-^a« pB 6«@ having DU M sodiun dodecyl sulihatet 0.03 ^ 
mmtmim i^ersul{^.dte and 0.09 K»N,N••N^-tetienethylethylene 
diasiine was delivered over the running gel. the eomli was inserted 
into the stacking gel. After the gel had polynerisedt the ceaih 
u^ as taken out» thus foming the wells for protein application. 
the strip was ranoved f rein the lower and and ^ e glass 
plates were transferred to the el act foph orotic chaaber containing 
the buffer* air bulges were renoved fron the lower md of the 
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glass pistes ^ith tl)« h«lp of a bent needle. 
The i^ TOtelii sanple «ids prepared a j^ding 1 % sodluo 
dodecyl su l fate and the saaiple <ftas heated for 30 minutes. About 
20 g^tD of protein was applied along \^ ith the dye 0.05 % (is^ /v) 
brceophenfil Mue and 10 % (w/v) glycerol; ivuffer ^as layered 
carefully over the protein solution. The upper chamber «s?a8 al&o 
f i l led ^ith the buffer. The elsctrofhoretic dt@nb@rB were 
cOTnected to the posier supply* current of 4 mA/tub© was pasoed 
for 3 hours. The gal ^as taken out and stained in a soluticfs 
chaining 1 U coasassi© blue 10 ^ acctic ecid end 25 % 
i0opropyl-6lc<^ol, 
Th© gel ejss destained toechanieji^ly Kith 10;j acetic 
acid. 
Colchicine binding property of tubulin was studied by 
promotion of fluorescence (dorisy* 1972t ahattachazya and i^olff, 
1974» iia^paport et. a l . , l97Sj feilson md 3ryan, 1974}. The 
emission spectra of colchicine alone and the»t in presence of sheep 
brain tubulin were noted. Colchicine solution was prepared in 
10 isM sodium phosf^ate buffer (H 7.0 and ^ e concentration was 
kno«m using the value of molar extinction of 16600 m*'^  gbT^ at 
350 nm (Engelborghs and Lambeir* 1980). The concentration of 
tubulin ttas also deteimined spectrophotometrically as mentioned 
earlier. The incubation mixture contained 65 nM of colchicine 
and O.iS nM of thft«p brain tubulin rvspeetivtly. Erihanc«Di«nts of 
fiuorescenc« for tubulins from 9oat and buffalo wore measurod 
under identical conditions* 
l^ iydipqen ion titrgti<m of sheep brain tubulin under notice 
Hydrogen ion titzetion of sheep brain tubulin m^ carried 
out tmd©r native cfmditiai ct room teajperature, 30®C end imic 
ctrcngth of 0*19. A discontinuous potliod ^as used for the 
titration • The ct^controtion of protein used in titration 
i . l * ^ (0.12 )&), Itie pH of the protoin solution in O.IS K 
petQwim chloride ^as l^ or the titrotion of tubulin, solu« 
tions Q^TQ prepared by taking tubulin» hydzoi^loric ^cid or 
i:^ a&cit£D hydroxide and potassius) chloride by calibrated pipettes. 
Ihe pH of mdh solution tvas aessured in titrating vessel fitted 
to a t^exo:o8t8t for ssaintaining temperature to 30 J; 1®C, Beveiv 
sibility of the titration was checked by titrating from pH 9,0 
and 2.5 to the desired 
( i i ) calculations 
Hydrogen ion bound, C^ t per mole of dimeric tubulin was 
calculated using the expression, 
( S ) s • .H'J Total • LhJ 
|h J ^ndl^ jfTf^n r«prM«iit tii* hydrogtn eonetntratiofi 
and tl)«t e«ietil«t«tf fxm th« e««iur*d fM i^p«etiveiy« M 
iow«r pH valutsy hydsooiR ion •cUvity d»due«d ffon tH ntssuv^itnt 
would not <>• to tli« eonevntratien of fiydi^oit lofip ttiorofosoy 
aetivlty eooffieiant of hydcogtn ion^ eonputtd ffOB tlio 
irooultt on tlio statuMcnt of fiR of hydroehiofie eoid soltition 
of knoKfi conoantvotlon* 
From the woisit of hydzogan ion tiound* the amount of 
hydzog^ diasooiated p9t ffioi<» of disierio tubulin ^es eslcolatad. 
A piot «m obtained i>atii««n ttia nijGBtior of peotons dissociatod p9V 
m l e of tyliuUn dimor (iT) m6 pH* 
Sgffglroi^ttflt^flJElfi .MtggUfln 
^anoxyi titration of stioap tiarain tuisulifi wea oattied otit 
in 6 ^ gitanidint hydioclalozide* tha mathod isaa siisiiar to thoao 
pasfoaied by at ai* (I97SK Protein aolutiona of «^fferant 
pH vaitiet f m pH 7«0 to siM U*5 were prepared in o^tirated 
ii>oiuietffi« fiaaka (protein eonoentration « 0«20 ng^i)* 
Abaorbanee waa neaattred on C3oui»ie Seaoi SpaetrophotoBeter 
(Ceeii at roos tenperature* speettw of eadh aoliftion 
«aa reoorded againat the appsopiiate Mank eontainin^ no protein* 
Alttorbanoe «aa •eaaured in the wavelength region 240i»320 ns. The 
inereaae in the atolar abaoriytion of the protein solution at a 
given pH over the molar abaorption at pH 7.0 at 29S Mit i «e , 
A ^ • €pif « G pH 7«0 waa takan at a »eaaitre of the ioniiation 
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of the ph«noxyl groups (T^ford* i961), 
Proteoiytie digestion of tubulin was earzlcd out according 
to the method used esxiier in this Xabordtory (^sari et. a l , , 
i975)* linzysies (txys^sin* ehymotiypsin and papain) @nd protein 
Goititione c^ ere prepared in O.i B sediuis f^oe^vate buffer pH 7.S. 
The enzyme concentreticn in each cese usae 0.2 (ng per mi and the 
protdin concentration ^as • 0,6 ©g per ml in the reaction 
mixture. Aiiquots of 0*3 mi of the reacticm odxture were taken 
out at different time intervaie and mixed «3ith 0,5 mi of chilled 
I K sodium ocetat© buffer fl-i Freshly prepared ninhydrin 
reagent ^ss eddedt O.S mi in each tube. The tubes «9ere thm kept 
in boiling «^ater bath for 15 minutes. After cooling* S ml of 50 ^ 
ethenoi vsae ad::ied to each tube and the abeorbance wae read at 
nm. The chenge in absorbance (ZXa^yq was ccmputed for 
tubulin as a function of proteolytic cleavage. 
( i ) About 160 gms of sheep brain tissue was used as « 
starting matezial for the isolation of tubulin. The meninges 
were f irst renoved. the tissue was then hcmogenized for 2*3 minutes 
in a blender in 10 mM potassium phosphate buffer, pH 7.0. Further 
homogenination was done Kith an electric stirrer for about an hour. 
The homogenate was then centiifuged at 9000 rpm for 3Q»40 minutes. 
Ihe precipitate was discarded and the supernatant was made 30 
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with rtspcet to mmanim »ulphat« and ktpt for 12 hours «t 4% 
and then e«itzlfu9«d at 9009 rpe for 30-40 minutoa. Tha pracipl* 
tata waa rejeetad end the coneantratlon of ammoiiium sulphate in 
^ a supasnatant uaa raiaad to 55 A and kapt at 4^C, Tha precipi* 
tate racovarad eftar e^trift^ation m&s dissolved in 20 (q1 of 
10 csSi potesaiUBi 0io»i;35ata buffer pH 7,0, the protein solution 
(135 £09 in 3 cDl) maQ applied m a Sa^adex coluain previously 
equili£>rated «!cith 10 csM potassiw phi^itiate buffer* Three protein 
peaks mm obtained* the protein f ractions under the peak tshich 
e)d^ibited {BajdiDUs colchieine binding activity, vi-ere pooled and 
further purified on o s^osphooellulos© coluzm equilibrated tisith 
Cu^ e^OTA buffer ffl Ih© bound protoin wos ©luted <r;ith 1 ti 
sodium chloride in the scffie buffer* 
( i i ) For ^ e isolation oi tubulin from sheep* the brain 
tissues «^ ere brot;^ ht f t m the s^rugjhter house in ice . About 
140 giDs of tissue was used as a starting material. First of a l l , 
the maninses were carefully removed» then the tissue was washed 
with 10 tM sodiun phos|:^ ate buffer ^ 7,0 containing 0.24 M 
suerosa* It was than hoiBoganized in the saise buffer for two 
minutes in a p»icooled blender. The honogenate thus obtained was 
cantrifiQed in refrigaratad K24«>A eantrifuge. The eentrifugation 
was done at 4^ C at a speed of 10,000 rpn for 15 minutes. The 
pellet was discarded and the supsxnatant was made 32^ with respect 
to ai»Doniun sulphate and kept for two hours in a refrigerator. 
It was again cantrifuged at 10,000 n^ n for 15 minutes at 4^C. 
Ih« cone«ntration of aa»aniuai sulpt^ Ato in th« supematant was 
raised to 43 and the solution was k«|pt for two boyrs in a 
rffri9@rato7« the prtcipit8t« r^owrtd @ft®r c«ntrif^etion^ 
dissolved in ZO ml of 10 m sodium phos^ate finiffer 7«0. Th« 
protein solution ©sttensively dialysed against the same buffer 
in order to remove aracimiuio sulj^&t® and then applied to OEAS» 
oe^adtx eolixtm <2 om x 10 cm| previously e^uilibrsted ^dth 10 m 
eodiUQ {:hos|liat@ buffer, pB 7.0, at mm teopersture. The bound 
proteins ^iem eluttd with disoontinuous salt fcadi^t <0<»0,d o KCl). 
Iho protctns eluted ta^ ith 0.6 M potcQsium ehloside sheared eubstan* 
tially higher colchicine binding aetiidty. These protein fractions 
i^ ere thorefore pooled and eoneentrated by adding GGffiC8)iuiB sulf^ate. 
The precipitate mn olstained by c^trifugatioi at 12,OX} rp® for 
30 csinutes at 4%. It vcas din solved in minimal voliBBe of 10 eiM 
60dii£Q pH 7*0. It was then dialysed against the s«Be 
buffer to roesove asffionius suljihate. The prdtein thus acouired 
was used throughout this study. 
XII* fiimts 
U fff, t y W f ! 
TWO ffitfthodt ii««dl for the itolation of sheep toain 
tuhnUn, in f i rst »«thod 3«27 91s of protdLn «ias soliMXlted 
fsoQ cp wet brain tis&ye in 10 gqM potdesiua |l)os|tiete iHiff er 
pH ?«0« The Qdhmw of pusifiestioi i t given in Table X* It ean 
be eedi that 70 ^ of the protein n^s preoipitsted «rith ^ % mm^ 
nitffi sui|lsdte« The salt «onoentreti«m of the supernatant @ho^ng 
colchicine bindif^ activity we® raieed to m % to otstain mq 
of protein* The precipitated prcstein WQS f raeti<mated by gel 
filtration m se^hedex 0*200 eoltim and the elyticn profile is 
shosn in Figtire 12* Three proton peeks tsere obtained on 
se^ddex 0-239 colucn (eee Figure 12 }• The colchicine binding 
activity was obeerved in all tJie three pe^ ike* However* the 
protein fractione in peak 3 showed issxisuDi colchicine binding 
activity. The relative protein concentrations in peaks A» 3 and C 
as detezBdned by their areas were 3i.65 26.63 ^ and 41,34 % , 
respectively. The elution voline of peak A was found to be 
slffiilar to the elution volune of blue dextran which was determined 
to be 135 iBl (Figure 13). on aging* the tubulin solution under 
peak a migrated to peak A due to aggregation. The protein 
fractions under peak 8 were pooled and further purified by ion-
exchange chrmatography on {ihosphooellulose eoluwi (see Figure 14). 
This process removed nicrotubule associated basic proteins. The 
70. 
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l 9 o l M m and of drain t u ^ i i i 
Steps of puxlfieation P r o t ^ Mtivity/koldtive 
pjTOtelfi fiii03pe»©ffic» ptjp 
im) m psotdln) 
SQitil»l« fraction 
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ELUTION VOLUME ml 
Fi9us« 13* Q^ e^xonatogxailiy ^ Slut Dtxtran on St^adtx 
«olunn. 
dtKtm (iO ng in 2 Bd) was api^itiS to a eolimn 
(2.4 CB K 86 e») of Saphadax (S«200 aqulUbratad with 
iO bM pGftattiiA ^osi^ata buffar* oH ^It wat alutad 
with tna saaa bur far in 3 al fraetiena at a fionr xata of 
25 nl/lir, Tha colour intansity of tha solution of aiua 
Daictran «ras naasurad at 690 m . 
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fact ^fit eolehieifi* blfiaing setivity wet d«t9et«<! in boitli pMkt 
A and B (Kor« pronounced activity ««t obs «rv«d with protein in 
p#«ft t»%m t^ftt i fFwitr! tl)t f i f u l t r on sotttum d M t i f l iulf^at* 
poiyaciyiatsldt g«l tl«etfophor«sl8t thow d^ that tubulin pc«p«r«d 
by this wat imptirei several prctein bands were observed 
in smrnpmB^ 
in tl^ e second met^ odf 473 mg of pretein was solubilixed 
fioiB W gs Gi w«t brain tissue with 10 si® ©odiu® i^ cBgitat© 
buffer 7,0 containing 0*24 m sucrose. The d i f f e r ^ steps of 
purification are listed in Table KZ. Abotft 207 mg of protein 
mB pr@ci{:4t©ted isith 32 % ^ mofiim sulfliate* Ffm iupesb* 
natantf 27 mg of protein was precipitated «ith 43 % omanim 
sulfate (see Table Kl}» After desalting by extensive dialysis 
or 9el chromatography on a s ei^ .adex 0-25 cdutn}, ^ e protein ma 
fractionated by ion^ e^itd^ ange c^rmtogra^tiy on 0£A&«s stttadex 
eoiUBOi (see Figure 15)• Ihe proteins «ere elutiK) with disconti** 
nuous gradient of potassius chloride (0*0«8 M) in 10 o !^ sodiun 
phosphate buffer pH 7«Q. The relative coneentrations of proti^ns 
under peaks A« a and C as veasured by their relative peak areas 
were found to be 6*8 39% and 53.7 % respectively* The 
protein fractions under peaks A and B showed sobe* presuoiably 
non^specifie celchieine binding activity. However* the protein 
under peak C tfiowed substantially higher activity. Tubulin 
(peak C) thus isolated was us^ throu^out this study. 
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Tabl* • XK 
isolation and puiification of sheep brain tubulin. 
Steps of pusifieation Totai Pcotein ii6ti^t|r«( BeXative 
ptotidn yield fluoreseenee per 
(Big) fBQ of protein) 
Soluble fraction 478 • • 
43 ^ i^m^us 6Ul|l)3te 27 5*7 W30 
pre^pitate 
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Th« ffiftthod. oBpioy«d for th« isolation and purification of 
•he«p brftin tubuXin« was also ut«d for th« Isolatlcin and piirifi* 
edtlon of tul>iillii fjram goat brain and buffalo brain, tha alution 
profliaa fran ObA&*aa{:i)adtx A»90 eoluan ara ^am in Figuraa 16 
and 17. Froa 200 ga of w«t goat brain tissue, nearly 1*6 9tb of 
protein aolubllised t i^th lO mM sodiuffi {iliosisliste buffer pH 7.0 
ec^dining 0,24 M sucrose. About 40 ^ of the soluble protein m» 
pf^dpittted out «dtli 32 ^ ASMoniucB 8ul|!liate» Die fx^etion preol** 
pitated from supernatant with 43 ^ mmtmlm suliahate shoiied hi^h 
(^lehioine bindinf activity, /^ Knit 14 09 of purified protein «as 
obtained from 200 ^ of @oat Thus the yield of tubulin 
per iOO 90) of 9oat brsifi tissue was 7 
Fs^ ob} 150 mg of wet buffalo brain tissue* 7 ^ o© of protein 
tsss solubilised in 10 aM sodiuQ 0ios|:hdte buffer pH 7.0 containing 
0.24 M sucrose, on adkling 32 H ssmoniua sulphate, nearly 33 M 
protein «res precipitated out. The salt concentration in the 
supeznatwt was raised to 43 the protein in the precipitate 
exhibited high colchicine binding activity, 8y ion exd^ange 
chranatography on a 0&A&»sephadex A»90 colUBn* 8,4 mg of purified 
protein was obtained (see Figure 17), Thus the yield of tubulin 
per iOD go of the tissue vias close to 6 isg. 
The yield of tubulins froa sheep* goat and buffalo brains 
obtained in this study is eoaparabla to that (8-70 mg per 100 gn 
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aX., i973| Murphy, i982t WiUiant L«t» 19321 Lm, i982), 
Th« yi«id w«t siaiiftr to that (3«3 mg) s«poct«d hy wiiiiaios and 
Laa (1932) far eaif i^ taHi tubttUo* 
tha edit f ractioRAtad protain (32«43 IS asnonias sulphata) 
was su!3t3aet9d to sodiua dodaeyl 8ttjl{:hata polyaexyiasiida gai 
eiactxD^oraalB in ID ^ gal and in 0«i M sodiuD ipliositiata buffer 
pfl ionic etcangtb 0,24» eontsining O.i ^ aoditia dodaoyi 
8Ui{:l^ ata ai^ Osliom* i969)« Evidently, tha psotcdn prapava* 
tion moved as ssuitipla protain l^ ands indicating the hataroganeity 
of salt fractionated protein (Figiira 18)* Tha protein isas fuithar 
purified on a cdiii^* Ihia preparaticm tssaa suhjaotad 
to olectsoi^orasia l»oth at h i ^ ionic strength osing tha oathcKS 
of irabar and Osbom <196'9) and at law i«mio strengtit foilosdi^ 
tha pri^adura of Laaimili {1970)» Tha ^leotxophor^togsm chained 
at high ionie strange i « shonn in Figtira 19* Tha purified shaap 
brain ti^Milin covad as a single protein band. However, iihan the 
saste preparation was aulsdacted to aodiun dodecyl sulphate poly* 
aciylamide gal eleetzophoresit at low ionic strength, the protein 
i&oved as a doublet «ith a faint band of 24 kDa (see Figure 20). 
^^inilar electsoi^oretograaa were found for tubulins prepared frcn 
other sources (Bryan, 1974| Fait at. a i . , 1971| Fine, 1971| Lee 
et. a l . , 19731 WiUians and Lee, 1982). 
Molecular w e l ^ ot sheep brain tiMLin was datemined 
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Figure iS. SodiuQ dodceyl sulitiato polyeexylaiold* gel el«ctxo» 
^oresis of tbe mlt le@ctiofiat«d protein dbtained 
by 4M mmmim dUtfltate satui^tiim* 
ElO€trophor«sis «a« usins O.i M sodium 
^osp^.at9 buffer ooiiteifiifit sodium dodecyi 
pM on aoxviamidie* The protein 
i60-i00 ju^e) ttBB applied to th© tubes* 
Electxo^omie was pertostsed for 4*5 houzs v^ ith 
an anodie current of 3 rnVtube* The were 
stained «$ith et^widssie t^ iue and destained (see^ d«> 
nicelly td.th acetic acid* 
ua 
Fi^um 19* so<jliMi <iedi«cyi 9til.ph«t« p<»iy«efirlMil<l« 90I 
phor«si» of tubulifi ^ ftphAdMC 
i^tetwiihomift p9ti9f9m4 uiifi9 o,k H 
•odiisi pliots^t* tmtim oontalning o . i^ sodliai 
dedteyl suiphaittt pfl 7«a on lOa acryiaiald*. Th« 
prottlit 24 tigsi in a«l. A and U ti^ in Qdl i ) m* 
to tilt tiib««« il«etvepl)omit w«» 
perfozmttf fan atiout 4»5 houirs with in «nodie 
eiimnt of 8 aV^ubt. Th« «i*i« ttain«d 
with eooiwtti* ^ut tmi il«ct«in«l MctianieaUy 
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fiQlijr^ 20. $odi«in suXphdte polyaefylaniic}* qsl 
«l*«txe{9hor«ti» tulniliii purifi«<l liy DEAi«> 
mtt p9tt0m»mi ming Txi«* 
9lyeifi# i«iff«rt ionic »ttmgth, oaO, pH 8,3, 
eontaining Q.ijl sodium sulislt^te on 
prottin (20 u^} was 4ip|>li««l 
to the 9itl and oXoettoitfiojrotis w#t pexfommS 
for sbovt 3 homrt with an snodie eufxent of 
4 Tho woir* stsinod with oooeia* 





ijf todiuB dod«cyi «tilphdt« poly^otylaaid* slab gel eleetsofltoretis 
wMd) Kftt pti^onstd in txit-glyein* buffer pH 8«3» lonle stiMngth 
O.iSt containlnQ Q.i % sodlin dodeeyl sul^liate (Laennlit 1970)* 
Tyt>ulln sQvad as a doublat corzesponding to i ts t«o subunlts. 
The relativn mobilities of two closely related ps^ein bands were 
measured to be 0«23 and 0,24 eoTsmpsr^M^ respectively to 
Q^oleottler urei^its of 57»944 and 54«965» eeccrdin^ to th® ealibra* 
tion eurvt sham in Figure The curve between relative mobility 
versus logdritha of cEolecular w e i ^ ^ s chained by the method 
of leedt squares usif^ the iMrlier proteins* n»ely» oytoehrcise 
tiypiifi« ehycotsypsino^nrs At pepsinog^f ovalbiMn ond bovine 
aeruffi altain* The relative mobilities of mtk@v prciteins alon§ 
liith their isoleculdr tsei^it are sungoaiiaed in Table KII« 
The straight line of Figure 21 f i t s l^e fallowing equation 
obtained by the method of least squaresi-
Loq^ M • -1.03 • 5.00 (6) 
«^ere M is the Molecular weight of the protein w^ose relative 
siobility is I^. the uneertainty wi^ vliioh oould be aeasured 
in this study i s 2*4 %, «#iicih aeeording to equation 6 introduce 
an error of 4*9 % in the deteminaticn of Biolecular weight by 
The Btoleeular weights of tubulins obtained fros differtnt 





F i g m 21* Plot of y l i f vmtis log^xitha of otaloeulflr 
w«l9ht of »«xkty pxot^int. 
Th« a«xk«r protttint «r#x«i ( i ) eytoehros* 
(2) tiypsin, (3) chynotxypsinogt^A* (4) ovalbumin 
and (5) bovin» t^ ruB •Ibunifi, Th« of tubulin 
•ubimits art lndlcat«dl by arxowt. 
«T 
TaHJlt • XX2 
Mol«Giiiar wtlghtt and vaiu«s for inaxiier proteins 
proteins a^lseular waight' na 
CjftoehroQe ^ U»7D0 0.8T 
Tsypsin 23»330 OM 
C^ymotr^painog ^ A 29,700 OM 
0.37 
Ov&Xtmxl^ 43,000 0,29 
sertiis di^x&in 69,000 oai 
Afisdti 
•iniiar zvtults obtaintd for ealf l»r«ifi tutntlln (waltanbasg 
«t« ai . t S*««f i 'miy poeeifi« bzain tulkuUn (N« and Tinai^tff, 
4982}» s»t brain tubullfi (as^cr» i974) and ehiek brain tidnain 
(Bosanbatm «t . I97S), 
Ihe bindir^ of eoi^icint to tobulio «ra$ studied by fiuorea* 
istasur^imtt in IQ on sodius ^os^at® bt^f er 7«0, Th« 
fiuor@®emoe of bound coiobiclne is maricediy imhancGd up&i i t « 
intereetion i^ sitb tubulin* The fiiioresoeno® speetra of 65 nM 
of c^cMcina solution i® dapietad in Fi9itra 22* ^ ^ O.iS nM 
of tubulin was addad to coldiicina, the relative f luorasceneo 
ineraasad savaral fold (Figuras 22 and 23), At a moler ratio of 
colchieine is to tubulin of 36Qtlt the total incraasa in ralativa 
fluorascenea eas found to ba about 58, for shaap brain tubulin. 
Siadlar fluorascanea g^aasuranants wara earriad out to d«tarBiina 
tl^ a binding of eolehieina to goat (saa Figura 24) and buffalo 
(saa Figura 25} brain tubulins and tha rasults ara suieafisad in 
Tabla XZIX* £vid#ntly, najciatjK anhaneaKant of fluorascanea 
oeouzrad «dth shaap tubulin* Tha ineraaant in ralativa fluorascanea 
of eolehieina upon i t s int eraetion with goat and buffalo brain 
tubulin appaarad to ba similar. As tha axtant of fluorascanea 
anhaneanant ean ba taken to aiaasura tha axtant of eol^ieina 
Mnding (aiattaehazya and Kolff» I974f dorisy, I972f Rappaport 
at« a l o 197S| Nilaon and Biy«i» 1974) rasults of Tabla XXZX 
ua 
UJ CJ z 
Ixl o LO LXJ CH O ^ 
—1 Li_ 
UJ > 
3A0 380 A20 
WAVELENGTH, nm 
22. of colchlcin* Cl04jta^) ivao taktn ^ 
4 wX ot iQ m 8alius buffer 7.0* 
th« «xcit«tion i«av<l«n9th was 360 m sUt 
««idth of 0,5 niB «i«t tit«d* 
90 
300 3A0 380 420 460 500 
WAVELENGTH, nm 
Figu»« 23. rluometne* •pMtra of c o i ^ e i n v in pr tsm* ( • I 
«nd of ( O ) ahosp Ikrain tt^uUn* 
CoiehieiDo (1D4 41901) and thoop bt$in tutiuUn 
im J^} mm t§km in 4 ml ot XD m toditn i^ot* 
l^it* buffer pH 7«o« Tfio •xeitotion »«v«l«ngth mm 









300 340 380 A20 A60 
WAVELENGTH, nm 
Fluoraetne* Aptcftitt of eolclii<sifi« In pr«t«fiett ( g 
»m 6i>t«ne« i O ) of 90«t bfain tyliiiliii. 
Celehi6lii« (1.04 y ^ ) ®nd goat l^dln tulMillfl 
(ao II9B) «rtx» tnkm ill 4 ml of iO sodiiffi ^m^' 
bitffty pH 7«a« The «ifeit«tiofi 
of 38D fw and sXit wldl^ of an mme m94m 
n 
300 340 380 420 
WAVELENGTH, nm 
riQuy* 29* Fiuoretem* tpMix* of eolehlein* in p m m * ( • } 
«i>t«ne* { Q \ ot M f a l o brain t i ^ i n * 
Ooifilkielm (104 II9B} «nd buffaio bttin t id^in 
(ao uge) tsltm in 4 ml of m m phot-* 
|3h«t« byff«r« 7*0« Tti* mitat ion wiv^ltn^th 
wts 380 nat and sl it width of 0.09 gM was utad. 
T # b l « • XLU 
Total filiaiigc in fluortscenoe of eolchleinc 
on interactlof) «sith tytHiiin i m d l f f 8 P « e i « i * 
Speei«6 Totai diai^* in reistiv* 
fXuogcsognc» 
2 , doat ^ 
3. ^ f a i o 46 
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would indUatt that of all th« tubulin preparations studied hera* 
fliaap tubulin potaaasat highaat affinity for eolchieint, 
HytfTOW , ^Itff^ffft,tWft 
ion titration of ahaap larain tubulin was studied 
in the ran^e 2.0 » 8*0 at an ionic strength of 0*15 and at roos) 
t€mper@turet dO^ C* E^he aniount of hydrogen ion bound to the 
proton ^as oaleulatod ixm the to^al ^oentration of hydro^lorio 
aeid add^ and th@ pH of the protein solution obtained after the 
addition of the aeid. The o(»i6entration of hydrofon ion G^ ^^  • was 
oaloulated fsc^ tho c^asured ^ usif^ the @Kpr@9@i€ii©i 
pH « ^ ^ • PVh* 
pQH » pKw • (d) 
the values of py^^ at different pH values were dsteimined by 
measuring pH of hydzoehlorio aeid solutions of knomen eonoentrations 
end are listed in Table XIV, These values are similar to those 
deteflBined by v«aheed (1974) of this laboratory. 
The results on hydrogen ion titration of sheep brain 
tubulin in the range 2.0 * 8«0 are depicted in Figure 26. It 
shouldt howevert be pointed out that although ^ e experimental 
points obtained in the forwiard and reverse titcation lie on the 
same curve in the pH range 2*0 * ••O (see Figure 26)f the 
experia^el uncertainty involved in these studies was found to 
M XIV 
^tivitjr eoeff;ui«nts of hydmgm ions at 
ionie 8tc«figth O.iS. 
oao5 
2.56 Q . m 
Z.m 0.198 
3.06 0.370 
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FiQtir» 26* Hydcogtn ion tltvttlon cuxv* of thotp btaifi ttibiilifi 
at and «t a total ionlo atrtfigth of O.iS* OPan 
oirelaa ( o > taprasant tha axpaslMital po&fita of 
foiwavd titxation and f 11 lad c i rdas ( • ) at* tha 
polnta of ravaxma t i t fa t l on. 
9T 
b* significant b«yond pH 7.3, Therefore, the titxotlon results 
io th« pii irafigv ea i^ojiyl l^oufm of tubulin would 
nozmally deprotonate, (T^nfoxd* 1962) hav« bten seleettd fa? further 
en@iyols • At pti v^ere nearly all of the cazboxyl groups 
ineludiii§ oC- • /3- Y ^earboxyl groups of p r o t e s t t^iU bs 
dissoeiatedt l^e value of ion diseocriated per moio of 
tubulin i . e . r in Figurtf i s olose to 75. 1!)i® would includo 
the fxmo tt^ o c»t@xiainal residues of tubulin subunitt. 
Sn the absenoo cf analytic^ vslues for the siaino acid ociaposition 
of tubuliAf sr© unablo to compare our titrstion values ^ t h 
^ptoted c^ tho basis of eoino eoid eomposition. 
t 
Titrstlcm dst© plotted in ^ o for© of logoc An -oc) 
versus pB (ee® Figure 27). M esn b® seen in Figure 27, th@ curve 
i s linear only upto 3.25 belcw it deviates oar&edly from 
lineaiity. Zt would thus seeis that the oai:t»o«yl gzoups in sheep 
brain tubulin are of t%o types* laajorlty of the carboxyl groups 
(about 46} titrate «4th the same piC value* the rest appears to 
titrate with emiderebly saaller pK value. Froa the curve given 
in Figuro 27« the pK value of aost of the carboxyl grou;^ of th« 
pxotein is near 3.7. 
5. titration of tubulin 
Tubulin is knoKn to aggregate in aqueous salt solution 
(Fraka^ and Tisasheff* 1982)« and it undergoes altcaline denaturatiori 
upon increasing the pH above 7.0. This has been shown by circular 
PH 
FIqum 27, Plot of Xog oc /(n -oc ) versus pR fo» catboxyi 
gmups undss n«tlv# stats* 
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did^zolaB dat«« AeeovtHiigly th« tltf«tii)fi of ^onoxyi Qfoyp In 
n«tlv« tubulin was found to be IvrtveviibX* (]«•• «!« 1979)• 
in order to find oiifc tht nuabtr and natuM of (lianoxyl gioupt 
In ahtep brain tubulin* hava earxiad out tha titt^ion of th« 
pxot<^ n in 6 M 9uanidina hydrochloiido in tha ^ zanga 7*0 ii«5. 
Ilia ultra violot spacftia of tubulin mte mtp%c^ milY found to ba 
santitiva to pH at can ba taen in Figuras 28»34« 
th@ diffart^ea spaotruii tvas emstruetad f t m th@ saaults 
^tsm in Pi^tssm 23»34t obtained in tha ranga 7*0 - U.5* Tha 
d i f f s p e c t r u m is thoim in Figure 35. the ourve ia diei®o-
t@ci2ad by ttiso manlLtm^  at 290 m &ti0 the other near 29S tm* 
the pealK at 295 m h@s be^ earlier found to be ohBieeterietioa 
of titration of ^ ^ o x y l gzoupa (Tanfordg 1962). 
Ihe value of fsolar extinction eoeffioient of ^eep tubulin 
at 29d niB» in the pH rfinge 7,0 3.0 v^ere pheny l groups of 
protein do not wdergo deprotonation (Tanford» 1962}» waa found 
to be 2.92 * licf iT^ and 3*9 * lO"^  nT^  eoT^ for ^eep brain 
tid^in (see Figure 28 and Table XV). The average value of iisolar 
extinction eoeffielant at 295 nm waa 3.36 x 10^ mT^  m^K The 
corresponding value of the extinction at pH 11where alooat all 
of the phenoxyl groups of tubulin will be titrated* was 12*21 x 10^ 
M"^  cb"^. The differenee in the molar extinction tuws out to be 
88SS0, The value of A ^ por residue in 6 M guanidine hydfoehloride 
has been repotted to be 2490 (Lee at* al«, 19781 Nozaki and Tanford, 
1967) • with this value* the nueber of (lienoxyl groups in tubulin 
XOD 
2A0 280 320 
WAVELENGTH, nm 
Figur* 28{ IU)8orf3tion spectra of sh««p brain tubulin in 6 I 
9uanidin« hydzochioiid* «t pH values of 7,0 (a) 














Al>tovption sptetro of thetp br«in tubulin in 6 M 
guanldln* hydrocMovid* «nd at ipH vaiutt 8*6 (•! 
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Figwrt 30. spietzft of brain tubiilifi iii 6 « 
9U0iilclin* hydfochloild* ind «t pH v a i m iO.O («) 











Figyr* Al^aoipUofi »$mtmm ci «h««p &x«lft tiibtfUn In 6 










rigiir* 32. Mitorptlon tptctrum of 9h«tp bxsifi t i ^ i n In 6 









Figtirv 33* vOitoirptloii tptetim of ^••p broin tubulin in 6 















Figur* 34, Absorption tptc ira of brain tubulin in.6 M 
gumidlM tvydzodiioslii* «t t^ U,9« 




Figux» 35, Alkaliii* d i f l * m e « sp«etsi» of thtvp brain tubiilifk* 
Th« dilf •met in volar •xtlncUon eo«ffl6i«Rt 
w«s odtaintd by sub t^raetlng •jctlnetion eo«ffiel<nt 
v«lutt tt FH 7.0 «n<i U.9* 
m 
rM9 ^ XV 
Sp«GtcoiJ)otoii«txlc titration of (^ «fioxyX groups of 
^eep brain tubulin In 6 M 9Udnidin« hydrodtloild* 
Protein concentration « 0.2 icg/bl. 






t^ umber of tyrosine 
dissociated per »oJ 
of th© protein 
7,000 0.053 2.9190 0.0CK)0 O.CD 
S.200 0.070 3.SOOO o.aaso 3 . ^ 
©•300 o.oao 4.4000 1.4890 6.06 
9.300 0.098 3.3900 2.4790 10.10 
10.00 0.i07 3.3890 2.9TO 12.12 
i0*20 0.U9 6.5490 3.6300 14.82 
J^ .SO 0.A4S 7.9730 9.0600 20.69 
O.iSd 8.6900 9.7790 24.00 
U.00 0.183 10.0690 7.1903 29,18 
ii.30 0.222 12.2100 9.2990 38.00 
a. A e « G • 29190. 
ua 
turn out to b* 36 ptr dis^r or 17*7 mldtMis MtOSO. th«> 
latttr eoBpsxws «r«Il with th» Mdfio eospositlm c$at« m tvMin 
pr«par«tiofit fxom other souirett i*6« bsain tistu* fmm 
l^zoinc, 6sif • ffioute m6 chleltsfi the vaiutt found to im 
in th9 ]ran9« of i4»i8 tyiosinv fssiditet per 94«CK30 (8iyan ana 
v i^lson, i97i| Lm et. I973) Ste^im«» i97JL|* 
tbe vdiim of AG 0t 299 nm oMoined at vaziotis (ff valuct 
piotted against pH. Tho m u i t s ar« Bhmn in Figure 36 and 
table Mf opm circles aro the points ol^tsined in th& fom&gd 
titration froin pH 7*0 » the f iUed ciroles r^r^sent 
o&s@sirstion& otstdifitd in the titmtim of tubulin fsoei pH to 
indicatod pM vUum* I t cm be 8«tn in Pigum 36 that th« 
f i i iod e irdes i i « m th@ curve drawn through the expecimentsJL 
points of the fom^srd titrotion* 
A plot of iogcc/(n -gc) versus was drawn tsy the method 
of least squares using the ex^^rlisentai points of Figure 36* It 
can be sewn Figure 37 th«t sheep bnin tubulin contain two types 
of s^enoxyl grsups «(hieh titrste in 6 M guanidine hydrodiloiide, 
Hesiiy 6 tyrosine residues per S4»000 ^ titrated with pK value 
of U*0 whereas the rsnaining 26 titrited «»ith a piC value of 10,4, 
AS tubulin binds guanidine hydroehloxide (J^ ee and Tisasheff tl974b), 
the exa«t net charge on the protein noleeule eaimci^  be detesaiined 
andf therefore, the results cannot be plotted in tems of pH.» 
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Figiur* 36* Sp^ctfophtftoiitiie titmtlon euiv« of pliinoxyl 
groups of ihoop brain tubulin In 6 M gumidlno 
hytfxoehlofido* F6sw«xd titration froB jiH 7,0 to 
U«5 ( 0>« rovmod f m pH U.5 ( # ) • 
l U 
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Fi9ur» Tf. i'lot of i ogccAn - o c ) vezstit fsH for phtnoiqrl 
titration of ahctp brain tubulin in 6 M guenidin* 
hydieclvloildt. 
u a 
(T«nford» 1963) • Xt i« potclta.* that a m poxticn of th« ffloX«ctil« 
containing tyrosyX xttiduat axt^ not eaffipl«t«ly dmtiflNK). Thts« 
tyiosyJL residtiat may t>§ paztlaUy 8hl.«id«a ftm tht soiirant* 
Tyrosyi miditas of a protain n i^ch buxitd in th« notiva 
pTOtidn ©tmctyra ara iurcwn to titrata witii hi^ar ^ vaiua 
(O^ovant I964t It is instmotiva to ra^ii ol»serva. 
tions of L«a at, eX» <1976} isho dasonstratad by circtilar didirolsis 
data that tha mvlxammt of soma cli$cHno{:ihoxi€ ir@@idiiaa main 
6$8y»atiic evm in 6 ^^  fuanidina hydeoehloside* Mteznetivaly» 
the tyx%»&yi rasiduea of appar^ ^ of ii.O tsi#t have psoxiQai 
negetiv® dioiges* 
Xn otdar to oc^pa^ stiuctufsl if any« l}@rtw«en 
tubulins obtainad fzom thipeo diffamit aooteast nacselyt stiaap»go8t 
and buffalo braint tbe tii^ coufaa of digattiona of tubulin by 
protainases such aa tiypain, diymotiypsin end papain «f«ra studiad* 
It i^ould ba pointad out that protaolytie dl9attion of pcotain has 
baan utad aarliar as « confoxmational pcoba (ah«lis and Yon « 1932 }• 
lha dlgastion of tubulin by protainaaas was cdrriad out at an 
aniysia cone ant ration of 0.20 ng par ail for aaeh of tha thraa protai* 
nasts in 0*1 M sodiun phosphata buffar pH 7.d and at tubulin conean* 
trfttions of 0.30 to 0.00 ag par aili tha tubulin digastion was 
oarrlad out at roon tanparaturat 30^ C* Tha tlm eourso of protao* 
lytio digastion of shaap, goat and buffalo brain tubulins by 
3 
pzottinasM ««• foliOMr«d by niniiydxlfi rtacticifi «t tit«d varli^r In 
thlA (ittitazl i^l^K 
Fhqb Figur* 33 it appears that the rate of tsyptlc dlgestlm 
is highest for slieep brain tubulin followed by 903t and buffalo 
brain tubulins* Tho rate of tsyitie digestion ^ a given tubulin 
e^eenferation «;as ealoulated fro® the results of Figure 33, 
isere obtained before 40 minutes* The rate of tiyptio di^ estiGn 
was then plotted s^ainat ti^ulin concentration. The curve for 
tsyptio digestion of sheep brain ti^ulin is shoiflR in Figure 39« 
The slope of the linear curve of Figure 39» fove appsr^t rate 
ccmstants i^ich was 8*8 Ji ICT^  luin*'^  - Casg/ail)'"^ . Proffl similar 
analysi® c^ the results olitained for ^oat and buffslo brain tubulins 
the apparent rate constants «ere calculated* The results are i^ven 
in Table ishere it can be seen that ^ e rate constants for the 
tiyptic digestioi of the three preparations of tubulin are of the 
saee order of isa^tude* Hoi«evar» the rate constant for sheep 
brain tubulin is 63 ji; higher than that fteasured for buffalo brain 
tubulin* It should be pointed out that the experimental uncertainty 
in the detetieinaticsi of the apparent rate constant was found to be 
below 15 iS in these studies* The difference in the rate constant 
for the trypfcic digestion of sheep and goat brain tubulins is 
about 20 % which is slightly higher than the experitBental error* 
These results showed that the tryptic digestion of sheep brain 
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Figuy« 38. TiM eourst of ttfptie <ll9«sUoii of tubtilifi ftm 
t^-P ( O ( O ) and buffalo C in 0,1 u 
todliMi phoaiihata buffav |ft T.S at 3Q^ C| tha enzyn* 
coneartt ration of 0«20 mq/m. and tuMln eonoantra* 
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Figure 39* Dttpcndwic* of i n i t i a l 
trcUon. 
s i opts on tulsulin ooncen* 
XX6 
Tdl»l*»XVZ 
Time course for tzyptic digestion of 8he«pt and 
buffalo brain tubuiins 
Pxot«in Apparent rate constant (k) 
min"^ > (og/taxr^ 
Sheep brain tubulin 8.8 x 
Goat brain tubuXih 
Buffeio brain tubulin 
7 
7h« tint courts of ehyatotiyptie digestions of th« 
tulHilio pr»pfirdtiofit» in O.i M todiin pltosphatt buffer 7*5 w«t 
6{4Nitujr«d at ao c^ ana «t aifferene ttibuiin eoneefitrstiont* 
««suits obtaintd et on* tuimlin conecntration 0*5 eg p#r tal. 
Bte depicttd in Figure 40, The velocity of chymotryptio digestion 
of tubulin was computed fxois the slope i^e* A (o*D*)/dt of the 
linear ^ s t i o i of QBoh curve* The velocity wee then plotted e^ainst 
tubulin cmQmtVBtXm and the slope of the linear curve thi» 
obtained yielded apparent rate constant for th® chysjistiyptic 
difttticns of Bhmp$ 0oat ami buffalo tt^^nilina. rate cceetants 
©re listed in Table 2WSI* the rete ccnatsnts for d^ysratfyptic 
diftstioos of sheep m$ goet di f fer hattHy by 7M «^ich ie well 
within the experiiBentel erxor mentioned @bov@» The average of the 
t«o rtte constants for ^eep and 9o@t brain tubulinst coses out to 
be loa K ICT^  min*^  - (Bg/mD*^ ««»ich is 91 % hi^er then «te 
sate constant for ehymotiyptic digesticn of buffalo tubulin. 
the tii&e course of digestion of sheep* goat and buffalo 
tubulins by pe^ ain was aeasured in 0,1 M sodiisD {liosphate buffer^ 
pH 7«5 at dQPc and at different tubulin c^centrations* the 
results of Figure 4i were analysed as described for the tiyptic 
end i^yaotiyptic digestions of the three tubulins (see Figure 38 
and 40}. the epparent rate constants thus conputed are given in 
Table XVXU. Bvidently* the rate constant for papain digestion 
of sheep is the sane as thet found for goat tubulin (see Table 
m i l ) . The rate constant for the digestion of buffalo brain 
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Figure 40. tli8« courw for chynotxyptlc digestion of tubulin 
froBi (0>. 904it < O ) buffalo ( A ) 
0.4 M tediwi fJhoifliatt buffer pH 7.5 Th» 
•nxyw* eon6«nt ration of 0*20 mqM and tubiAIn 
cono«ntr«tion of 0.5 mq/wX 
9 
Tflbi^ ^ )m I 
TiiQ« eoujree for chysotiyptle dlgestiont of 
and MfBlo bsain tul^ifit 
Pfoteifi A^rent rate eonstant (k) 
^ m p bralD tutniUn i0»4 k 
Goat hm%n tttbttlln 9.T « 













Figure 41. Tin* eourt* for digt^tion of tiAniiin itm shetp ( Q ) » 
goat io ) m6 iMtffalo using p«p«in, in o a M 
•odiUK p^osF)h«t• Mfw pH 7*Sf «t 3C3^ C« Th« mtfm 
of 0.2 ng/nl and protain eone^tration of 0*5 mq/wl 
was usad. 
i2i 
Teblt • mil 
Tim« eoutse for diQestlcms of gest aiii 
iHiff aXo bcain tubuliiis using ptpaiii. 
Pxottlfi App® refit rat« eonstsnt (k) 
mjwT^ ^ imq/mXr^ 
braio twbtiUR 42.96 * iCT^ 
OQ&t brain tubyiiii i2.86 « 
Buffalo bxstntalMiilii 10.00 « ICT^ 
Tubulin was isolated trcxc shaep, goat and buffaio bzain 
ti^ue« by a proc«dus« to that recooiendod by l^ eisenboxg 
at* (1963) and deseribad mUarna and Lee (X982}* tYie 
ine^od ccnsisted of aoisonitiffi suli^ate fsaotionation folio^ed by 
ion excbenge chxoMtogsagJiy. th@ finai yield of three tubulins 
M STf per g® wet Hsmin tiesue «sft£cft is cotcpsttbi© to 
that ropoeted by v.iliiaQ:s an<} hm (i98a) lor the isolation of 
calf br@in tubulin, The tubtjiin preparation thus obtained «aa 
essentially free from extran^u^ protein a® evidenced by oisii^ J^ AGH 
end m& active by th© criteitcsi of colchicine binding (Bhattacharya 
md M f f , m74t Bosi&f, l9T i^| Rappapoft ©t. al . , Ji©75| r;il8<»i 
and Btym* 1974), interestingly our tubulin preparation moved 
as a doublet in QO^ PAOE at lew ionic strength (Laeiaslit 191^) 
but as a single band at high ionic strength (^ e^ber and Osbozn, 
1969) » a bthaviour shared by other tubulin preparations (Bxyan, 
1974t Feit et. al.» I97l{ Fine, 1971; tee et, al . , 1973; lYilliass 
and Lee, i932). 
The 8M>leeular weight of purified sheep brain tubulin »as 
detezndned by sodiun dodeeyl sulphate polyacsylanide gel electro* 
phoresis in this study and th« value comes out to be 57 ICDD. AS 
the protain moved as a doublet corresponding to two subunits of 
Mj. 55 kDa and 58 koa, the avtrage aolecular weight will be 
57 koa. This is identical t^ that (57 kDe) detendned by sedi-
• m * 
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ffi«fit«tion •Qiillibrltii& for eaif brain tiibulin ct , 8X*» 
i963) • aoitcuXar weight of eaif brain tubulin haa baaii 
dttazmin#d both by sodiuoB dodaeyi suiitiata poiyacryiaa^da 9«l 
elaetxoi^ horatia and viscosity and the averagt vaXua eomta out 
to b« 94 kDa {Lm et» di*t i973)« The ffioleeuiar of 0ther 
tubulins obtained fioffi other species including porcine biaint 
rat brain and ehiek^ brain have be^ dettxmined and repoxted 
values lie in the ranfe ItDa <aipper» 1974s tee snd Timesheff, 
197^1 Bos^ baum 3l«» 1970)* The toolecular «!rei#)t of goat 
brain tubulin has b&m detesmined lO^ a by sodiuQ dod@eyl 6ul|:hate 
polyocsylafside 9©l @l@eti:o^horesia by i^u^in Hal^ sEs ^an of this 
labordtoiy (iChan* It tsould thus seas ^at the isQleciilar 
cceight of tubulin is §p@oies independent ts^ ieh is not unexpected 
for a oons^cvotive protein such ae tubulin (Ponstin^l @t» dl«» 
one of the characteristic properties of tubulin is its 
ability to interact sickly but specifically ^Xth the antiisitotic 
dru9» col^icine (Luduena, 19791 cn9elbor^s and Laffibeir» 19^}» 
The dzu9 interacts with animal tubulins with a dissociation constant 
urn 
K^ t of 3*0 • 9«l X ICT' M which «'as sMsured by equilibriun methods 
(Borisy and Taylor» I967t MeClure and Paulson* Ji977t O^ellen 
et, al.» I974f ^heiiine et. al», 1975), t-iowever, «:hen 
dissociation constant was measured by kinetic methods* the value 
was an order of magnitude lower (Bhattacharya and ts^ff* 1976} 
Qarland and Teller* 1979} McClure and Paulson* 1977} ;^ heiline 
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1975) • fmmq th« sivthodt* which havt h^ m uatd to staturt 
coiehieifi* biiidlim ^ ^ Ineludad fUtmtioii, adsorptl^ ii bf 
ehazeoAlf and wnhanewtitt of fluor»tc«fie« (ahattac^dzya antS BOlff, 
1974{ Boiiayt 1972{ aappapoft «t. al , , 1975| t^ ilaon and Sxyan. 
1974)* Th« iattar tadmlqua waa uaad on saweral oecaalona. thus 
Shattachasya «nd t.oiff (1974) found that ralativa flvoraaeanoe 
J 
fifidasion of 2,5 HIS eolehleina in g^ osj^ ato^ lSgCl^ MafPwsiicxoaa 
M f a r pH 7«0 incraaaad fxm 3 to in praaanea of 30 uM of cat 
brain tubulin* Thus at a colohieina is to tubulin ratio of 
0«lfl« tha ralativa fluomoanca inotaaaad substantially* 
bisdlar af^ ancsDent of colchicine fluoraaeanco upon its intax** 
aoti<»i t^ t^h tulailin ^aa raportad by othars (Soxiay* 19721 BaFP^ poct 
at* al«» 1973$ taiaon ^ Sxyan* 1974)* 
7h« inoraasa in eolchioitsa fluoraacanoa at 409 m waa 
aubatantially ^allar by tha thraa brain tubulins isolatad during 
"^a study* Thua at a oolchicina is to tubulin ratio of 360tl» 
th^ eoleliioint fluorascanea ineraasad f zoa 14 to 72 thmtp 
brain tubulin, in lO all sodiun phosphata buff ar pH 7*0, tha pxotain 
eonetntiation baing 0*18 nM. Tha ralativa fluorase«)ea of 
eolehieina ineraasad f » a € 0 ^ in eaaaa of goat and buffalo 
brain tubulins undi^ r idantieal eonditiona* Thus by tha eritaria 
of fluoraseanea promotion tha thraa naanalian brain tuMins» 
appaar to ba aiailar in col^ieina binding proi^ azty* 
Tha earboxyl gzoupa in n«tiva tubulin hava baan titratad 
425 
loir th« fii»t tin« a* past of this 8tudy, £«rll«r, tul>iiilfi from 
cAXf bmin was titi«t«d in prastnea of 6 M 9uanidiii« hyafoe^loxld* 
(iM ct. i9T3). gur valy* for tli« total ninbar of titfstahla 
gxoupt In thaap brain tubulin it amaliar than that fotjnd 
tff Lae «t, ai, (1973) for calf brain tubulin in 6 M guanidin* 
hydroc l^orida. this Qioy partly ba ascribtd to the axperiffiantal 
uneartainty #iich waa usually found to bo highar for raaulta 
obtainad under native Another possibility eo l^d ba 
the Btmm intaraetion of deital iof)s to some of the carboxyl 
groups in tubulin nhieh will be taiavailable for titretii»}, 
iitudies m the numt^ r end nature of ocrboicyl groups in native 
tubulint B^ ny of ^hich are clustered in o-texisinal regions of 
t^e proton (Krmihs et» @1,» itaij e^ n^teiro end Clev^and, 1933} 
l^ .unliy et. al«» 19371 i^ofistingl et« a l . , 1981; Sullivan ^d 
Cleveland* 1986) are importai^  because these oai^oxyl groups may 
be involved in the uptatce of functionally iisportant tsetal ions 
sueh as oaleiuffi ions and iMgnesium ions. The latter metal ion 
proffiotes polymerisation of tubulin to oderotubules (Lee and 
Tisashefft 1975) and the fomer inhibits the specif io polynecisa* 
tion process (Lee and Tiaasheff, 1979} Misenberg* 1972)« Other 
setal ions which inhibit asaambly procesa include isercurous 
(Hg^^), cupxous (O;)^*, cadiiun (Cd?'^ ), chroadUB (Ci '^^ ), nickel 
(Mi^ *^ ) and stsontiun (SZ^ *^ ) (tuduena, 1979t Roth and i:higanaka, 
1970| rtallin et. al. , 1977). 
ua 
Th* muit* on ei^iular dlchioltn of ealf brain tulnilin 
shewed thftt «• th« pH is inersattd abov* pH significant 
^imtomstimiil ^angct in fiatiVi prot«ln tdk« plae« (L«t s i . . 
1976) • Ihs aikaXi induetd eonfosieational changes bscasis tsoro 
pronounced above pH 10.0. Consequently the titration of ^enoxyl 
groups in tubulin «vhich i!i.ould undergo deprotonation to & significant 
ext&it above 9|0 cottld not be ii^ erfoimed under native condition, 
tee et, (1973) foade sn ettcept to titrate l^ienoxyl groups of 
celf brain tubulin and found that tl)@ titration of |l)enojiyl groui;8 
frotB pfl 7.0»ia»0 mm not revi^ rsible indicating the structural di@nges 
in tubulin* These enervations tsere consistent cvith the ccmclusion 
arrived on the bssis of circular di^roic C9eeeur€m@nts» However* 
the titration of {i^ enoKyl groups of tubulin denatured by 6 M gueni* 
dine hydrochloride Is reversible* /Al of the tyrosyl group® of calf 
brain tubulin titrated with m apparent pK of 9*98 (Lee et* al*, 
1978). Howeveri our titration results showed the presence of two 
types of tit ratable i^ltenoxyl groups in sheep brain tubulin in 6 M 
guMiidine hydrocftloride* Neaily one»third of tyrosyl residues 
titreted tilth abnonnally high appar«nt pK value (pH 11*0)* It 
is possible that the non c^ovalent interactions responsible for 
native confonsation of tubulin are not cosipletely resoved in 6 M 
guanidlne hydrochloride* Alteznatively, this may be ascribed to 
short-range electrostatic interactions* Although, different 
tubulins from different species in general are very siailar in 
their aaiino acid coaposition md physical properties, so«e 
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•KCttptions hav* b«fn obs«rv«d* Thus calf oraln tubulin eontaln 
ofi« disitlfida bxld^ par S4 tDs i973t iU«« «t« 
1975) «h«rMt rat brain tubulin is davoid of disuUidt bridga 
CdLppart i974)» 
M accaasibiiity <3f paptida bonda in proteins to protainasaa 
would dapand* among others* t^ pon tha structural or^anizati^ vi of 
the protdlnsg tha rata of proteolytio dagrac t^ion of proteins has 
baan usad se & cmfozi&ati^al proba in Hie study of eonfoxmaticml 
transitiims in proteins (Anssri at* al, , i975| Burgees ana 
Udiara^et i975| Ghalia @nd 1982} our results on tha kinatics 
of protaolytie dl9astic»is of tubulins fttm goat end 
buffalo brain in th« ^osphata buffer ^ 7«5 <saa Tabla m-KVIXZ). 
$U99ast that tha ordar of ssgnituda of the apparant sata constants 
for tryptie digastions of thiraa tubulin praparations is tha saisa. 
Tha valuas lia within tha ranga 5.4 • 3,8 x ItT^ sdn**^  
ilkanisa for ehynotryptic diQastions* tha valuas of cata constants 
lia bat«aan 7«XQ.O x ICT^  min*''^  (mg/mlT^, for papain digastionst 
tha valuas for tha thraa tubulins ara siailar and tha variation 
is froB 10 X to 13 X 10-* mOT^  • (mg/mirK lhasa rasults 
taican togathar suggast that tha stxvetural organisation in 
aaanalian brain tubulins is tha saioa ragardlass of tha apacias. 
This is in accord with tha findinga that tt^ulins froa spacias 
as distant as chickant rat and poreina ara atructurally hoaologoua 
(Valansuala at, al*, I98l| Laadshka at. al , , 1981$ i'onstingl 
at.al., 1981). 
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